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PREFACE 

The Atomic Energy Commission (AEC) used t h e  Nevada Test S i t e  
(NTS) from January 1951 th rough  January 19, 1975, as an a r e a  f o r  
conduct ing nuc l ea r  de tona t ions ,  nuc l ea r  rocket-engine  develop- 
ment, nuc l ea r  medicine s t u d i e s ,  and miscel laneous  nuc l ea r  and 
non-nuclear experiments,  Beginning on January 19, 1975, t h e s e  
r e s p o n s i b i l i t i e s  were t r a n s f e r r e d  t o  t h e  newly-f ormed U. S- Ener- 
gy Research and Development Adminis t ra t ion  (ERDA) , Atmos n h e r i c  
nuc l ea r  tests w e r e  conducted p e r i o d i c a l l y  from 1951 throuqh Octo- 
be r  30, 1958,  a t  which time a t e s t i n g  moratorium was implemented, 
Since  September 1,  196 1, a l l  nuc l ea r  de tona t ions  have been con- 
duc ted  underground wi th  t h e  e x p e c t a t i o n  of containment excep t  f o r  
f o u r  slightly above-ground o r  sha l low underground tests of 
Operat ion Dominic I1 i n  1962 and f i v e  nuc l ea r  earth-craterinq 
exper iments  conducted under t h e  Plowshare program, 

The U,S, Publ ic  Health S e r v i c e  (PHs) , from 1953 throuqh 1970, 
and t h e  U, S, Environmental P ro t ec t i on  Agency (EPA) , from 1970 t o  
t h e  p re sen t ,  have mainta ined f a c i l i t i e s  a t  t h e  NTS or i n  U s  
Vegas, Nevada, fo r  t h e  purpose  of providing an Off-Site Radiolog- 
ical  s a f e t y  Program for  t h e  n u c l e a r  t e s t i n g  proqram, I n  addi- 
t i o n ,  o f f - s i t e  s u r v e i l l a n c e  has  been provided by the PHS/EPA f o r  
nuc l ea r  exp los ive  tests  a t  p l a c e s  o t h e r  than t h e  NTS, P r i o r  t o  
1953, t h e  s u r v e i l l a n c ~ ~  program was performed by t h e  Los Alamos 
S c i e n t i f i c  Laboratory  and U - S ,  Army personnel .  

The o b j e c t i v e  of t h e  Program s i n c e  1953 has been t o  measure 
l e v e l s  and trends of  r a d i o a c t i v i t y  i n  the off -site environment 
sur rounding  t e s t i n q  a r e a s  t o  a s s u r e  t h a t  the testing is i n  com- 
p l i a n c e  with e x i s t i n g  r a d i a t i o n  p r o t e c t i o n  s t anda rds ,  To a s s e s s  
o f f - s i t e  r a d i a t i o n  l e v e l s ,  r o u t i n e  sampling networks f o r  m i l k ,  
water ,  and a i r  a r e  mainta ined a long  with a dosimetry network and 
s p e c i a l  sampl ing of food crops, soil, etc., a s  requ i red ,  For t h e  
purpose of  implementinq p r o t e c t i v e  a c t i o n s ,  providing immediate 
r a d i a t i o n  monitoring,  and o b t a i n i n g  environmental  samples r a p i d l y  
after a r e l e a s e  o f  r a t i i o a c t i v i t y ,  mobile monitoring personne l  a r e  
a l s o  p laced  i n  areas downwind of  NTS or other test a r e a s  o r i o r  t o  
each test. 

I n  gene ra l ,  a n a l y t i c a l  r e s u l t s  showing r a d i o a c t i v i t y  l e v e l s  
above n a t u r a l l y  occu r r ing  l e v e l s  have been publ i shed  i n  r e p o r t s  
cover inq  a t es t  series o r  test p r o j e c t ,  Beginning i n  1959 f o r  
r e a c t o r  tests, and i n  1962 f o r  weGpons tests, s u r v e i l l a n c e  d a t a  
f o r  each i n d i v i d u a l  test which r e l e a s e d  r a d i o a c t i v i t y  o f f - s i t e  
w e r e  r epo r t ed  s epa ra t e ly .  Commencing i n  January 1964, and con- 



t i n u i n g  t h r o u q h  December 1970, t h e s e  i n d i v i d u a l  r e p o r t s  for nu- 
clear tes ts  wpre a l s o  summarized and r e p o r t e d  every 6 months. 
The i n d i v i d u a l  analytical r e s u l t s  for a l l  r o u t i n e  or s p e c i a l  milk 
samples were a l s o  included i n  t h e  +month summary r e p o r t s .  

I n  1971, the AEC implemented a r equ i remen t  (ERDA Manual, 
c h a p t e r  ' 05  1 3 )  f o r  a comprehensive r a d i o l o g i c a l  mon i to r ing  r e p o r t  
from e a c h  of the s e v e r a l  c o n t r a c t o r s  or a g e n c i e s  invo lved  i n  
major  n u c l e a r  a c t i v i t i e s .  The compilation of  these v a r i o u s  re- 
p o r t s  s i n c e  t h a t  time and t h e i r  e n t r y  i n t o  the g e n e r a l  l i t e r a t u r e  
s e r v e  t h e  purpose  of p r o v i d i n g  a  s i n g l e  source of  i n f o r m a t i o n  
c o n c e r n i n g  the env i ronmenta l  impact  o f  n u c l e a r  a c t i v i t i e s .  To 
p r o v i d e  more r a p i d  d i s s e m i n a t i o n  o f  d a t a ,  t h e  monthly r e p o r t  of 
a n a l y t i c a l  r e s u l t s  of a l l  a i r  data collected s i n c e  J u l y  1971, and 
a l l  milk and w a t e r  samples  c o l l e c t e d  since J a n u a r y  1972, were 
also p u b l i s h e d  i n  Radiation Data and Reports, a monthly publ ica-  
tion of t h e  EPA which was d i s c o n t i n u e d  a t  t h e  end of 1974. 

Beginning  with t h e  first q u a r t e r  o f  1975, a i r  and  m i l k  sample 
d a b  have been r e p o r t e d  q u a r t e r l y .  Dosimetry d a t a  were i n c l u d e d  
beg inn ing  w i t h  the t h i r d  quarter 1975. 

Since 1962, PHS/EPA a i r c r a f t  have a l s o  been used during nu- 
c l e a r  tests t o  p r o v i d e  r a p i d  m o n i t o r i n g  and  sampl ing  f o r  releases 
of r a d i o a c t i v i t y .  E a r l y  a i r c r a f t  m o n i t o r i n g  data o b t a i n e d  im- - 
m e d i a t e l y  after a tes t  a r e  used t o  p o s i t i o n  mobi l e  r a d i a t i o n  
m o n i t o r i n g  p e r s o n n e l  on the ground,  and  the r e s u l t s  of a i r b o r n e  
samplinq are used t o  quantitate the i n v e n t o r i e s ,  d i f f u s i o n ,  and  
t r a n s p o r t  of  t h e  r a d i o n u c l i d e s  r e l e a s e d -  Beginning i n  1971, a l l  
mon i to r ing  and  sampl inq  r e s u l t s  by a i r c r a f t  have been r e p o r t e d  i n  
e f f l u e n t  m o n i t o r i n g  d a t a  r e p o r t s  i n  accordance  with the ERDA 
Manual, Chap te r  0513. 
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INTRODUCTION 

Under a  Memorandum o f  Unders tanding,  No, EY-76-A-08-0539, 
w i t h  t h e  U,S, Enerqy Research  and Development A d m i n i s t r a t i o n  
(ERDA), t h e  U.S. Environmental  P r o t e c t i o n  Agency (EPA), Environ- 

menta l  Moni tor ing  and Suppor t  Laboratory-Las Vegas (EMSL-LV) , 
c o n t i n u e d  i t s  O f f - S i t e  R a d i o l o g i c a l  S a f e t y  Program w i t h i n  t h e  en- 
v i ronment  s u r r o u n d i n g  t h e  Nevada T e s t  S i te  (NTS) and a t  o t h e r  
s i tes d e s i g n a t e d  by t h e  ERDA d u r i n g  CY 1976. T h i s  r e p o r t ,  pre-  
pared  i n  accordance  w i t h  t h e  ERDA Manual, Chapter  0513, c o n t a i n s  
sumnar ies  of  EMSL-LV sampl ing  methods, a n a l y t i c a l  p rocedures ,  and 
t h e  a n a l y t i c a l  r e s u l t s  of env i ronmenta l  samples  c o l l e c t e d  i n  sup- 
p o r t  of  ERDA n u c l e a r  t e s t i n g  a c t i v i t i e s .  Where a p p l i c a b l e ,  Sam- 
p l i n g  d a t a  a r e  compared t o  a p p r o p r i a t e  g u i d e s  f o r  e x t e r n a l  a n d  
i n t e r n a l  e x p o s u r e s  t o  i o n i z i n g  r a d i a t i o n *  I n  a d d i t i o n ,  a  b r i e f  
summary o f  p e r t i n e n t  and demographica l  f e a t u r e s  o f  t h e  N T S  and  
t h e  NTS e n v i r o n s  i s  p r e s e n t e d  f o r  background i n f o r m a t i o n -  

NEVADA TEST SITE 

The major  programs conducted  a t  t h e  NTS i n  t h e  p a s t  have  been 
n u c l e a r  weapons development ,  p r o o f - t e s t i n g  and  weapons s a f e t y ,  
t e s t i n g  f o r  p e a c e f u l  u s e s  o f  n u c l e a r  e x p l o s i v e s  ( P r o j e c t  Plow- 
s h a r e )  , r e a c t o r l e n q i n e  development  f o r  n u c l e a r  r o c k e t  and ram- jet 
a p p l i c a t i o n s  ( P r o j e c t s  P l u t o  and Rover) ,  b a s i c  high-enerqy nu- 
c l e a r  p h y s i c s  r e s e a r c h ,  and seismic s t u d i e s  ( V e l a  Uniform) - Dur- 

' i n g  t h i s  r e p o r t  p e r i o d  t h e s e  programs w e r e  c o n t i n u e d  w i t h  t h e  ex- 
c e p t i o n  o f  P r o j e c t  P l u t o ,  d i s c o n t i n u e d  i n  1964,  a n d  P r o j e c t  
Rover, which was t e r m i n a t e d  i n  3anuary  1973, No P r o j e c t  Plow- 
s h a r e  n u c l e a r  tests o r  V e l a  Uniform s t u d i e s  have been conduc ted  
a t  t h e  NTS or  any o t h e r  s i t e  s i n c e  1970 and 1973, r e s p e c t i v e l y -  
A l l  n u c l e a r  weapons tes ts  since 1962 were conducted  underground t o  
minimize t h e  p o s s i b i l i t y  of t h e  r e l e a s e  o f  f i s s i o n  p r o d u c t s  t o  
t h e  a tmosphere-  

Site Loca t ion  

The Nevada T e s t  S i t e  ( F i g u r e s  1 and 2) is  l o c a t e d  i n  Nyc? 
County, Nevada, w i t h  i ts  s o u t h e a s t  c o r n e r  a b o u t  90 km n o r t h w e s t  
of Las  Vegas, The NTS h a s  a n  a r e a  o f  a b o u t  3500 km2 and v a r i e s  
from 40-56 km i n  w i d t h  (eas t -wes t )  a n d  from 64-88 km i n  l e n g t h  
(nor th - sou th )  , T h i s  a r e a  c o n s i s t s  o f  l a r g e  b a s i n s  or f l a t s  about 
900- 1200 m above mean s e a  l e v e l  (MSL) su r rounded  by mountain 
r a n g e s  1800-2100 m MSL, 



The NTS i s  n e a r l y  su r rounded  by an  e x c l u s i o n  area c o l l e c t i v e -  
l y  named t h e  N e l L i s  A i r  Force  Range- T h e  Range, p a r t i c u l a r l y  t o  
t h e  n o r t h  and e a s t ,  p r o v i d e s  a b u f f e r  zone  between t h e  tes t  a r e a s  
and  p u b l i c  l ands .  T h i s  b u f f e r  zone  v a r i e s  from 24-104 km be- 
tween the test a r e a  and l a n d  t h a t  is  open t o  t h e  public,  Depend- 
i n q  upon wind speed and d i r e c t i o n ,  t h i s  p r o v i d e s  a  d e l a y  of from 
1/2 t o  more t h a n  6 hours  b e f o r e  any a c c i d e n t a l  r e l e a s e  of  a i r -  
bo rne  r a d i o a c t i v i t y  cou ld  pass o v e r  public lands.  

C l i m a t e  

The climate o f  t h e  NTS and s u r r o u n d i n g  a r e a  i s  v a r i a b l e ,  pr i -  
m a r i l y  due  t o  a l t i t u d e  and  t h e  rugged t e r r a i n -  Generally, t h e  
c l i m a t e  i s  r e f e r r e d  t o  as C o n t i n e n t a l  Arid. Throughout the y e a r  
t h e r e  i s  not s u t f i c i e n t  w a t e r  t o  suppoxt  tree or crop growth 
w i t h o u t  i r r i g a t i o n .  

The c l i m a t e  may be classified by t h e  t y p e s  of v e g e t a t i o n  
which qrow under  t h e s e  c o n d i t i o n s .  According t o  Houghton et al . ,  
t h i s  method, developed by Koppenl s c l a s s i f i c a t i o n  of dry condi-  
t i o n s ,  is furthex s u b d i v i d e d  on t h e  basis of t e m p e r a t u r e  and 
s e v e r i t y  o f  d rough t ,  Table 1, f rom Houghton e t  a l , ,  summarizes 
t h e  d i f f e r e n t  c h a r a c t e r i s t . i c s  of t h e s e  c l i m a t i c  types i n  Nevada, 

TABLE 7 .  CHARACTERISTICS O F  CLIMATIC TYPES IN NEVADA 

Mean Temperature Annual P rec ip i t a t ion  
0 C cm 

Climate (OF) (inches) Dominant Percent 
Winter Summer Total* snowfall Veqetation of A r e a  

Alpine -180 - -90 40 - 100 38 - 114 uedium to  Alpine 
-- 

tundra ( 00 - 150) (400 - 500) (15 - 45) heavy meadows 

Bumid -120--10 1 0 0 - 2 1 0  64 - 114 ~ e a v y  Pine- f i r  1 
con t inen ta l  (100 - 300) (50° - 70°) (25 - 451 f o r e s t  

Subhumid -120 - -10 loo - 210 30 - 6 4 .  Moderate Pine or scrub 15 
con t inen ta l  (100 - 300) (SO0 - 700) (12 - 25) woodland 

Mid-lati- -70 - 40 180 - 270 15 - 38 Light to  Sagebrush, 57 
tude  s teppe (200 - 400) (650 - 800) ( 6 - 15) moderate grass,  scrub 

Mid-lati- -70 - 40 180 - 270 8 - 20 Light Greasewood, 2 0 
tude  d e s e r t  (200 - 400) (650 - 800) ( 3 - 8) shadscale 

Low-lati- 40 - lo0 270 - 32O 5 - 25 Negligible Creosote 7 
tude  d e s e r t  (400 - 500) (800 - 90°) ( 2 - 10) bush 

*Limits of annual p rec ip i t a t ion  overlap because of v a r i a t i o n s  i n  temperature 
which a f f e c t  t h e  water balance. 

A s  p o i n t e d  o u t  by Houghton et al,, 90  p e r c e n t  of Nevada's 
p o p u l a t i o n  l i v e s  i n  a r e a s  with less t h a n  25 c m  of rain per year 
or i n  a r e a s  which would be c l a s s i f i e d  as m i d - l a t i t u d e  steppe t o  
l o w - l a t i  tude d e s e x t  r e q i o n s ,  



According t o  Q u i r i n g ,  1968, t h e  NTS a v e r a g e  annua l  p r - c i p i t a -  
t i o n  r a n g e s  from a b o u t  10 c m  a t  t h e  900-m a l t i t u d e  t o  around 25  
cm on t h e  p l a t e a u s .  During t h e  w i n t e r  months, t h e  p l a t e a u s  may 
b e  snow-covered f o r  p e r i o d s  of s e v e r a l  days  or weeks, Snow i s  
uncommon on t h e  f l a t s ,  Tempera tures  v a r y  c o n s i d e r a b l y  with ele- 
v a t i o n , ,  s l o p e ,  and l o c a l  a i r  c u r r e n t s ,  The a v e r a g e  d a i l y  h i g h  
(lw) t e m p e r a t u r e s  a t  t h e  lower a l t i t u d e s  a r e  around 10° ( -40)  C 
i n  J a n u a r y  and  3 5 O  ( 1 2 0 )  C i n  J u l y ,  w i t h  ext remes  of 84O and -260 
C. Corresponding t e m p e r a t u r e s  on t h e  p l a t e a u s  are 20 (-40) C i n  
J a n u a r y  and 26O ( 1 8 0 )  C i n  J u l y  w i t h  ext remes  of 38O and  - 2 g 0  C. 
Temperat-ures a s  l o w  a s  -340 C and h i g h e r  t h a n  460 C have  been 
observed a t  t h e  WTS, 

The d i r e c t i o n  from which winds blow, as measured on a 30-m 
tower a t  t h e  Yucca ' obse rva t ion  station, i s  predominant ly  n o r t h e r -  
l y  e x c e p t  f o r  t h e  months of  May t h r o u g h  August when winds from 
t h e  sou th - sou thwes t  predominate,  Because of  t h e  p r e v a l e n t  
mounta in /va l l ey  winds i n  t h e  b a s i n s ,  s o u t h  t o  sou thwes t  winds 
predominate  d u r i n g  d a y l i g h t  hours  d u r i n g  most months- Durinq t h e  
w i n t e r  months s o u t h e r l y  winds have  o n l y  a  s l i g h t  edge  o v e r  n o r t h -  
e r l y  winds f o r  a  few hours  d u r i n g  t h e  warmest p a r t  of t h e  day. 
These wind p a t t e r n s  may be q u i t e  d i f f e r e n t  a t  o t h e r  l o c a t i o n s  on 
t h e  NTS b e c a u s e  o f  l o c a l  t e r r a i n  e f f e c t s  and d i f f e r e n c e s  in ele- 
v a t i o n  (Qui r ing ,  1 9 6 8 ) -  

Geoloqy a n d  Hydroloqy 

G e o l o q i c a l  and  h y d r o l o g i c a l  s t u d i e s  of t h e  faTS have  been i n  
p r o g r e s s  by t h e  U . S .  G e o l o g i c a l  Survey  and v a r i o u s  o t h e r  i n s t i t u -  
t i o n s  s i n c e  1955. Because o f  t h i s  c o n t i n u i n g  e f f o r t ,  i n c l u d i n g  
s u b s u r f a c e  s t u d i e s  o f  numerous b o r e h o l e s ,  t h e  s u r f a c e  and under- 
ground g e o l o g i c a l  and h y d r o l o g i c a l  c h a r a c t e r  ist ics f o r  much o f  
t h e  NTS a r e  known i n  c o n s i d e r a b l e  d e t a i l .  T h i s  i s  p a r t i c u l a r l y  
t r u e  f o r  t h o s e  a r e a s  i n  which underground exper iments  a r e  con- 
ducted ,  A comprehensive  summary o f  t h e  geology and hydrology of 
t h e  NTS was e d i t e d  and p u b l i s h e d  by Ecke l ,  1968, 

There  a r e  two major  h y d r o l o g i c  s y s t e m s  on t h e  NTS ( F i g u r e  3 ) -  
Groundwater i n  t h e  n o r t h w e s t e r n  p a r t  of NTS o r  i n  the Pahute  Mesa 
a r e a  h a s  been r e p o r t e d  (WASH-DRAFT, t o  be p u b l i s h e d )  t o  t r a v e l  
somewhere between 2 and 80  m p e r  y e a r  t o  t h e  s o u t h  and s o u t h w e s t  
toward t h e  Ash Meadows d i s c h a r g e  a r e a  i n  t h e  Amargosa Deser t ,  It 
i s  e s t i m a t e d  t h a t  t h e  groundwater  t o  t h e  e a s t  of t h e  NTS moves 
from n o r t h  t o  s o u t h  a t  a  r a t e  n o t  less t h a n  2 nor  g r e a t e r  t h a n  
220  m p e r  yea r ,  Carbon-14 a n a l y s e s  of t h i s  e a s t e r n  groundwater  
indicate t h a t  t h e  l o w e r  v e l o c i t y  is  nearer t h e  t r u e  va lue .  A t  
Mercury Va l l ey ,  i n  t h e  ex t reme  s o u t h e r n  p a r t  of t h e  NTS, t h e  
qroundwater  f low d i r e c t i o n  s h i d t s  t o  t h e  sou thwes t  toward t h e  Ash 
Meadows d i s c h a r g e  a r e a  i n  the s o u t h e a s t e r n  Amargosa Va l l ey-  



The w a t e r  l e v e l s  b e l o w  t h e  NTS vary from d e p t h s  of a b o u t  100 m 
h e n e a t h  t h e  s u r f a c e  a t  v a l l e y s  i n  t h e  s o u t h e a s t e r n  p a r t  of t h e  
s i te  t o  more t h a n  6 0 0  m b e n e a t h  t h e  s u r f a c e  a t  h i q h l a n d s  t o  t h e  
n o r t h ,  Although much o f  t h e  v a l l e y  f i l l  is s a t u r a t e d ,  downward 
movement of  wa te r  i s  e x t r e m e l y  s l o w ,  The pr imary  a q u i f e r  i n  
t h e s e  f o r m a t i o n s  i s  the P a l e o z o i c  carbonates which u n d e r l i e  t h e  
more r e c e n t  t u f f s  and a l luv iums .  

Land U s e  of NTS Environs  

F i g u r e  4 i s  a  map of t h e  off-NTS area showing g e n e r a l  l a n d  
use,  A wide v a r i e t y  o f  u s e s ,  s u c h  as farming,  mining, g r a z i n g ,  
camping, f i s h i n g ,  and h u n t i n g ,  exist d u e  t o  the v a r i a b l e  ter- 
r a i n ,  For  example, w i t h i n  a 300-km r a d i u s  west o f  t h e  NTS, ele- 
v a t i o n s  r a n g e  from below s e a  l e v e l  i n  Death V a l l e y  t o  4 4 2 0  m 
a b w e  MSL i n  t h e  S i e r r a  Nevada Range, Additionally, p a r t s  of  t w o  
v a l l e y s  of major  a g r i c u l t u r a l  i m p o r t a n c e  ( t h e  Owens and San 
J o a q u i n )  a r e  inc luded ,  The a r e a s  s o u t h  of the NTS are more uni- 
form s i n c e  t h e  M o  jave  D e s e r t  ecosys tem ( m i d - l a t i t u d e  d e s e r t )  com- 
p r i s e s  most of t h i s  p o r t i o n  o f  Nevada, C a l i f o r n i a ,  and Arizona,  
The  a r e a s  e a s t  of the NTS are p r i m a r i l y  m i d - l a t i t u d e  s t e p p e  w i t h  
some of  the o l d e r  r i v e r  v a l l e y s ,  s u c h  a s  t h e  Virqin R i v e r  V a l l e y  
and Moapa V a l  l e y ,  s u p p o r t i n g  s m a l l - s c a l e  b u t  i n t e n s i v e  f a r m i n q  of  
a v a r i e t y  of  crops by i r r i g a t i o n .  Grazing is a l s o  common i n  t h i s  
a r e a ,  p a r t i c u l a r l y  t o  t h e  n o r t h e a s t .  The area n o r t h  of the NTS 
is a l s o  m i d - l a t i t u d e  s t e p p e  where t h e  major  a g r i c u l t u r a l - r e l a t e d  
a c t i v i t y  i s  g r a z i n g  o f  b o t h  ca t t le  and  sheep,  Only a r e a s  o f  
minor a g r i c u l t u r a l  impor tance ,  p r i m a r i l y  t h e  growing of a l f a l f a  
hay, a r e  found i n  t h i s  p o r t i o n  o f  t h e  S t a t - e  w i t h i n  a  d i s t a n c e  o f  
300  km, 

I n  t h e  summer of  1974,  a brief s u r v e y  of home g a r d e n s  around 
t h e  NTS found t h a t  a  m a j o r i t y  of the r e s i d e n t s  grow o r  have  ac- 
cess t-o l o c a l l y  grown f r u i t s  and vegetables, Approximately two 
dozen of  t h e  su rveyed  qa rdens  w i t h i n  30-80 km of  t h e  NTS boundary 
were s e l e c t e d  f o r  samplinq. These  qa rdens  produce  a  v a r i e t y  of 
root, l e a f ,  s eed ,  and fruit c r o p s  (Andre-, et al-, t o  be pub- 
l i s h e d ) .  

The o n l y  industrial e n t e r p r i s e s  within the immediate  off-NTS 
a r e a  a r e  2 5  a c t i v e  mines, as shown i n  F i g u r e  4,  and  s e v e r a l  chem- 
i c a l  p r o c e s s i n g  p l a n t s  located n e a r  Henderson, Nevada (abou t  23 
km s o u t h  o f  Las Vegas),  The number o f  employees f o r  t h e s e  opera-  
t i o n s  v a r i e s  from one pe r son  a t  s e v e r a l  small mines t o  several 
hundred workers  f o r  t h e  chemical  p l a n t s  a t  Henderson. Most o f  
t h e  i n d i v i d u a l  mining o p e r a t i o n s  i n v o l v e  less t h a n  10 workers  per 
mine; however, a  few o p e r a t i o n s  employ up  t o  100-250 workers ,  

The major  body o f  wa te r  c l o s e  to t h e  NTS is Lake Mead {I00 k m  
s o u t h e a s t )  a  man-made lake s u p p l i e d  by water  from t h e  Colo rado  
River ,  Lake Mead s u p p l i e s  abou t  60  p e r c e n t  of t h e  water used f o r  



domest ic ,  r e c r e a t i o n a l ,  a n d  i n d u s t r i a l  purposes  i n  t h e  Las Veqas 
V a l l e y  and a  p o r t i o n  o f  t h e  wa te r  used by s o u t h e r n  C a l i f o r n i a .  
Smal le r  r e s e r v o i r s  and l a k e s  l o c a t e d  i n  t h e  a r e a  a r e  p r i m a r i l y  
for i r r i g a t i o n  a n d  for l i v e s t o c k ,  I n  C a l i f o r n i a ,  t h e  Owens R i v e r  
and  Haiwee R e s e r v o i r  f e e d  i n t o  t h e  Los Angeles  Aqueduct and a r e  
t h e  major  s o u r c e s  of d o m e s t i c  water f o r  t h e  Los Angeles area .  

A s  i n d i c a t e d  by F i g u r e  4 ,  t h e r e  are many places s c a t t e r e d  i n  
a l l  d i r e c t i o n s  from t h e  NTS where s u c h  r e c r e a t i o n a l  a c t i v i t i e s  a s  
hun t ing ,  f i s h i n g ,  and camping a r e  en joyed  by both  l o c a l  r e s i d e n t s  
a n d  t o u r i s t s .  I n  general, t h e  camping and f i s h i n q  sites to  the 
n o r t h w e s t ,  n o r t h ,  and n o r t h e a s t  o f  t h e  NTS are u t i l i z e d  throuqh-  
o u t  t h e  y e a r  e x c e p t  f o r  t h e  w i n t e r  months, Camping and f i s h i n g  
a t  l o c a t - i o n s  s o u t h e a s t ,  s o u t h ,  and  sou thwes t  a r e  u t i l i z e d  
th roughou t  t h e  y e a r  w i t h  t h e  m o s t  e x t e n s i v e  a c t i v i t i e s  o c c u r r i n g  
d u r i n g  a l l  months e x c e p t  t h e  h o t  summer months, A l l  h u n t i n q  is 
q e n e r a l l y  r e s t r i c t e d  t o  v a r i o u s  t i m e s  d u r i n g  t h e  l a s t  6 months 
of t h e  year .  

Da i ry  fa rming  i s  n o t  e x t e n s i v e  w i t h i n  t h e  300-km-radius a r e a  
under  d i s c u s s i o n ,  From a s u r v e y  o f  mi lk  c o w s  d u r i n g  t h i s  r e p o r t  
p e r i o d ,  8900 d a i r y  cows, 340 f a m i l y  g o a t s ,  and 550 f a m i l y  c o w s  
w e r e  l o c a t e d .  The f a m i l y  cows and  g o a t s  a r e  found i n  a l l  d i r e c -  
t i o n s  around t h e  tes t  site ( F i g u r e  5 ) ,  whereas t h e  d a i r y  cows 
( F i q u r e  6)  a r e  l o c a t e d  s o u t h e a s t  o f  t h e  test site (Moapa R i v e r  

Va l l ey ,  Nevada; V i r g i n  River  Va l l ey ,  Nevada; and Las Veqas, Neva- 
d a ) ,  n o r t h e a s t  (Hiko and Alamo, Nevada, a r e a ) ,  wes t -nor thwest  
( n e a r  Bishop, C a l i f o r n i a ] ,  and s o u t h w e s t  ( n e a r  Barstow, C a l i f o r -  
n i a )  - 
P o p u l a t i o n  D i s t r i b u t i o n  

The p o p u l a t e d  a r e a  of p r imary  concern  around t h e  MTS which is 
sampled and  moni tored  by s u r v e i l l a n c e  Networks is shown i n  F i q u r e  
7 a s  t h e  a r e a  w i t h i n  a  300-km radius of t h e  NTS C o n t r o l  P o i n t  
(CP-1) , e x c e p t  f o r  t h e  a r e a s  west of t h e  S i e r r a  Nevada Mountains 

a n d  i n  t h e  s o u t h e r n  p o r t i o n  o f  San Bernard ino  County, Based upon 
t h e  p r o j e c t i o n s  f o r  t h e  y e a r  1975 by t h e  U.S.  Bureau of  t h e  Cen- 
s u s  and t h e  1976 p r o j e c t i o n s  f o r  Washoe and C l a r k  C o u n t i e s  by the 
U n i v e r s i t y  o f  Nevada (Reno) , F i g u r e  7 shows t h e  c u r r e n t  p o p u l a t i o n  
o f  c o u n t i e s  i n  Nevada and p e r t i n e n t  p o r t i o n s  of the S t a t e s  of  
Arizona, C a l i f o r n i a ,  and Utah, L a s  Vegas and v i c i n i t y  is  t h e  o n l y  
major  p o p u l a t i o n  c e n t e r  w i t h i n  the inscribed a r e a  of F i g u r e  7. 
With t h e  assumpt ion  t h a t  the t o t a l  p o p u l a t i o n s  of t h e  c o u n t i e s  
b i s e c t e d  by t h e  300-km r a d i u s  l i e  w i t h i n  t h e  i n s c r i b e d  a r e a ,  t h e r e  
is pr imary  concern ,  a b o u t  6 0  p e r c e n t  of  which l i v e s  i n  t h e  Las  
Vegas u r b a n i z e d  a r e a .  I f  t h e  u r b a n i z e d  a r e a  is  n o t  c o n s i d e r e d  
i n  d e t e r m i n i n q  p o p u l a t i o n  d e n s i t y ,  t h e r e  a r e  a b o u t  0.6 p e o p l e  per 
k m 2  (1.5 people p e r  m i 2 ) .  For  comparison,  t h e  Uni ted  S t a t e s  
(50 s t a t e s ,  1970 c e n s u s )  has  a p o p u l a t i o n  d e n s i t y  of 22 p e o p l e  



per kmz, and t.he o v e r a l l  Nevada average from t h e  1975 p r o j e c t i o n  
i s  2.1 p e o p l e  p e r  km*. 

The o f f - s i t e  a r e a s  w i t h i n  a b o u t  80 km of NTS a r e  predominant- 
l y  r u r a l ,  Several s m a l l  communit ies  are l o c a t e d  i n  t h e  a r e a ,  t h e  
l a r g e s t ,  b e i n g  i n  t h e  Pahrump Val ley .  This qrowinq r u r a l  communi- 
ty, with a n  e s t i m a t e d  p o p u l a t i o n  o f  a b o u t  2500, i s  l o c a t e d  a b o u t  
72  km s o u t h  o f  t h e  NTS, The Amargosa Farm a r e a  h a s  a  p o p u l a t i o n  
of  a b o u t  4 0 0  and is l o c a t e d  about 50 km sou thwes t  of  t h e  c e n t e r  
of  t h e  NTS, The S p r i n g  Meadows Farm area is a r e l a t i v e l y  new 
development  c o n s i s t i n g  of approx ima te ly  10,000 km2 (4000 m2) with 
a p o p u l a t i o n  of a b o u t  60, T h i s  a r e a  is a b u t  55 km sou th - sou th -  

_ .  ...-. .. west of .  t h e  NTS. The l a r g e s t  town i n  t h e  n e a r  o f f - s i t e  area is 
Beatty with a p o p u l a t i o n  of about 500; it is located about 6 5  km 
t o  t h e  west of  t h e  site, 

I n  t h e  a d j a c e n t  s t a t e s ,  t h e  M o  j a v e  Desert of C a l i f o r n i a ,  
which i n c l u d e s  Death V a l l e y  N a t i o n a l  Monument, l ies  a l o n g  t h e  
sou thwes te rn  b o r d e r  of Nevada, The p o p u l a t i o n  i n  t h e  Monument 
boundaries v a r i e s  c o n s i d e r a b l y  from season t o  s e a s o n  w i t h  f ewer  
khan 200 permanent r e s i d e n t s  and t o u r i s t s  i n  t h e  a r e a  d u r i n g  any  
q i v e n  p e r i o d  i n  t h e  summer months, However, d u r i n g  t h e  w i n t e r ,  
a s  many a s  12,000 t o u r i s t s  and campers  can  be i n  t h e  a r e a  on any 
p a r t i c u l a r  day d u r i n g  t h e  major  h o l i d a y  periods. The l a r g e s t  
town i n  t h i s  q e n e r a l  a r e a  is Barstow, l o c a t e d  265 km south-south-  
w e s t  o f  t h e  NTS, with a p o p u l a t i o n  of a b o u t  18,200, The Owens 
Va l l ey ,  where numerous s m a l l  towns are located, lies a b o u t  50 km 
west of Death Valley, The l a r g e s t  town i n  Owens Valley is B i s h -  
op, l o c a t e d  2 2 5  km wes t -nor thwest  o f  t h e  WTS, with a p o p u l a t i o n  
of abou t  3600.  

The extreme s o u t h w e s t e r n  r e g i o n  of Utah is  more developed 
t h a n  the a d j a c e n t  part  of Nevada- The l a r g e s t  town, Cedar  C i t y ,  
w i t h  a  p o p u l a t i o n  of 9900, i s  l o c a t e d  280 km e a s t - n o r t h e a s t  o f  
t h e  NTS, The n e x t  l a r g e s t  community is S t ,  George, l o c a t e d  220 
km e a s t  o f  t h e  NTS, w i t h  a  p o p u l a t i o n  of 8000- 

The ext reme n o r t h w e s t e r n  r e g i o n  o f  Ar izona  is most ly  undevel- 
oped r a n g e  l a n d  with t h e  e x c e p t i o n  o f  that p o r t i o n  i n  t h e  Lake 
Mead R e c r e a t i o n  Area. 

Several small retirement communit ies  are found a l o n g  t h e  
Colorado Rive r ,  p r i m a r i l y  a t  Lake Mojave and Lake Havasu, The 
l a r q e s t  town i n  t h e  a r e a  is  Kingman, l o c a t e d  280 k m  s o u t h e a s t  of  
t h e  NTS, with a p o p u l a t i o n  o f  a b o u t  7500. 

OTHER TEST . SITES 

Table A-1 l ists  t h e  names, d a t e s ,  l o c a t i o n s ,  yields, depths, 
a n d  purposes  of a l l  underground n u c l e a r  t e s t s  conduc ted  a t  l o c a -  





SUMMARY 

During 1976,  the moni to r ing  of  gamma r a d i a t i o n  l e v e l s  i n  t h e  
e n v i r o n s  o f  t h e  NTS was c o n t i n u e d  t h r o u g h  t h e  u s e  of a n  of f - s i t e  
network of  r a d i a t i o n  d o s i m e t e r s  and gamma-rate r e c o r d e r s .  Con- 
c e n t r a t i o n s  o f  r a d i o n u c l i d e s  i n  p e r t i n e n t  env i ronmenta l  media 
were a l s o  c o n t i n u o u s l y  or p e r i o d i c a l l y  moni tored  by  e s t a b l i s h e d  
a i r ,  milk, and wate r  sampl ing  nettitorks, Befo re  each underqround 
n u c l e a r  d e t o n a t i o n ,  mobi le  r a d i a t i o n  moni to r s ,  equipped with 
r a d i a t i o n  moni to r ing  i n s t r u m e n t s  and sampl ing  equipment,  were 
on s t a n d b y  i n  off-NTS l o c a t i o n s  t o  respond t.o any a c c i d e n t a l  re- 
l e a s e  of a i r b o r n e  r a d i o a c t i v i t y .  An a i r p l a n e  was a i r b o r n e  n e a r  
t h e  test a r e a  a t  d e t o n a t i o n  t i m e  t o  u n d e r t a k e  t r a c k i n g  and sam- 
p l i n g  o f  any r e l e a s e  which might occur.  

A 1 1  r a d i o a c t i v i t y  from the underground n u c l e a r  tests was 
c o n t a i n e d  except f o r  a t o t a l  of a b o u t  9 1 c u r i e s  ( C i )  o f  r a d i o -  
a c t i v i t y  which was r e p o r t e d  by ERDAINV as being r e l e a s e d  int-er- 
m i t t e n t l y  th roughou t  t h e  y e a r  and small undetermined amounts of 
t r i t i u m  and RsKr which s l o w l y  s e e p  t o  t h e  s u r f a c e  from t h e  under- 
qround tes t  a r e a s .  The o n l y  off-NTS i n d i c a t i o n  of  t h i s  r a d i o -  
a c t i v i t y  was determined from an a i r  sample o f  t h e  Noble G a s  and 
T r i t i u m  S u r v e i l l a n c e  Network c o l l e c t e d  a t  Death V a l l e y  J u n c t i o n  
d u r i n g  t h e  p e r i o d  August 24-37, T h i s  sample  had a  JH in a i r  con- 
c e n t r a t i o n  o f  2 . 7 ~ 1 0 - 1 1  p C i / m l  above  background. The  e s t i m a t e d  
whole-body d o s e  r e s u l t i n g  from t h i s  c o n c e n t r a t i o n  t o  a hypothe- 
t i c a l  r e c e p t o r  a t  this l o c a t i o n  was c a l c u l a t e d  a s  1.3 prem. 
Rased upon this d o s e  and t h e  p o p u l a t i o n  of r e s i d e n t s  between 
t h e  Nevada Test S i t e  and Death V a l l e y  J u n c t i o n ,  the e s t i m a t e d  
dose  commitment ) w i t h i n  a  80-km r a d i u s  o f  the NTS C o n t r o l  
P o i n t  was e s t i m a t e d  t o  be 0.00078 man-rem. 

A l l  o t h e r  measurements of r a d i o a c t i v i t y  made by t h e  O f f - S i t e  
R a d i o l o q i c a l  S a f e t y  Proqram were a t t r i b u t e d  t o  n a t u r a l l y  occur- 
r i n g  r a d i o a c t i v i t y  o r  a tmospher i c  f a l l o u t  and n o t  r e l a t e d  t o  
underqround n u c l e a r  test o p e r a t i o n s  d u r i n g  this r e p o r t  p e r i o d .  
R a d i o a c t i v i t y  from b o t h  a t m o s p h e r i c  n u c l e a r  tests by t h e  
P e o p l e l s  Republ ic  o f  China on September 25 a t  2200  hours ,  PDT, 
and on November 16 a t  2200 hours ,  PST, were d e t e c t e d  on f i l t e r  
samples of t h e  A i r  S u r v e i l l a n c e  Network beginning  on samples  
c o l l e c t e d  on October  4 and  c o n t i n u i n g  th roughou t  t h i s  r e p o r t  

1 )The dose commitment (p roduc t  of e s t i m a t e d  ave rage  d o s e  and 
p o p u l a t i o n )  a t  Las Vegas from 1 y e a r ' s  exposure  t o  n a t u r a l  
backqround r a d i a t i o n  is abou t  10,000 man-rem. 



p e r i o d .  The tes ts  r e s u l t e d  i n  i n c r e a s e s  of  a i r b o r n e  r a d i o -  
a c t i v i t y  which w e r e  i d e n t i f i e d  by t h e  A i r  S u r v e i l l a n c e  Network a s  
t h e  f i s s i o n  p r o d u c t s  9 s Z r ,  loJRu, 106Ru, l J l I ,  132Te, l*oBa, 
l*lCe, and  1 **Ce. None o f  t h e  o t h e r  networks d e t e c t e d  t h e  r a d i o -  
a c t i v i t y  from t h e  Chinese  tests. 

The Long-Term H y d r o l o g i c a l  Moni tor ing  Program used f o r  t h e  
m o n i t o r i n q  o f  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  s u r f a c e  and qround- 
w a t e r s  which a r e  down t h e  h y d r o l o g i c  g r a d i e n t  from sites of p a s t  
underground n u c l e a r  tests was c o n t i n u e d  f o r  t h e  NTS and s i x  
o t h e r  sites Located e l s e w h e r e  i n  Nevada, Colorado,  New Mexico, 
and  M i s s i s s i p n i .  N a t u r a l l y  o c c u r r i n g  r a d i o n u c l i d e s ,  s u c h  a s  
uranium i s o t o p e s  and radium-226, w e r e  d e t e c t e d  i n  samples  col- 
l e c t e d  a t  most l o c a t i o n s  a t  l e v e l s  which were comparable t o  
c o n c e n t r a t i o n s  measured f o r  p r e v i o u s  yea r s .  T r i t i u m  was mea- 
s u r e d  i n  a l l  s u r f a c e  w a t e r  samples  a t  l eve l s  up t o  3 .0~10-6  p C i /  
m l ,  which is n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  upper  r a n g e  
i n  c o n c e n t r a t i o n s  (2 .5~10-6  pCi / rn l )  obse rved  i n  t h e  p a s t  from 
a t m o s p h e r i c  f a l l o u t ,  Except f o r  samples  c o l l e c t e d  a t  w e 1  1s 
known t o  b e  con tamina ted  by t h e  i n j e c t i o n  o f  h igh  c o n c e n t r a t i o n s  
of  r a d i o a c t i v i t y  f o r  t r a c e r  s t u d i e s ,  no r a d i o a c t i v i t y  r e l a t e d  t o  
p a s t  underqround t es t s  or t o  t h e  con tamina ted  w e l l s  was i d e n t i -  
f i e d ,  However, t h r e e  anomal ies  i n  3 H  c o n c e n t r a t i o n s  were oh- 
s e r v e d  f o r  w e l l  samples ,  One o f  t h e  anomal ies  i n v o l v e d  a monthly 
sample c o l l e c t e d  on-NTS from W e l l  U3Ct-J-5, which had a  3 H  concen- 
t r a t i o n  o f  3 . 3 ~ 1 0 - 7  pCi /ml ,  The c o n c e n t r a t i o n  c a n n o t  b e  e x p l a i n -  
e d ,  a s  a l l  c o n c e n t r a t i o n s  p r i o r  t o  and after t h e  sample  have  heen 
5,IxlO-8 p C i / m l  o r  less, The o t h e r  t w o  anomal ies  concern  t w o  
semi-annual  samples  c o l l e c t e d  on-NTS a t  W e l l  B, which were col- 
l e c t e d  trom t h e  w e l l  t h i s  y e a r  f o r  t h e  f i r s t  t i m e .  The Well B 
samples  had c o n c e n t r a t i o n s  of 2 .5~10-7  pCi /ml  and 2 , 6 ~ 1 0 - ~  p C i / r n l ,  
Although n o  e x p l a n a t i o n  f o r  all t h r e e  r e s u l t s  is a v a i l a b l e  a t  
t h i s  t i m e ,  t h e  c o n c e n t r a t i o n s  a r e  o n l y  <0.01 p e r c e n t  of  t h e  
C o n c e n t r a t i o n  Guide (3x10-3 p C i / m l )  f o r  o c c u p a t i o n a l  exposures ,  



The major p o r t i o n  of t h e  Off-Site R a d i o l o g i c a l  Safety Pro- 
qram f o r  t h e  NTS c o n s i s t e d  o f  continuously-operat .ed dos imet ry  and 
a i r  samplinq networks and schedu led  c o l l e c t i o n s  of  mi lk  and  water  
samples a t  l o c a t i o n s  su r round ing  t h e  NTS. Before each  n u c l e a r  
test,  mobile  moni to r s  were p o s i t i o n e d  i n  t h e  o f f - s i t e  a r e a s  most 
likely t o  be exposed t o  a  p o s s i b l e  release o f  r a d i o a c t i v e  mate- 
r i a l .  These moni tors ,  equipped w i t h  r a d i a t i o n  su rvey  i n s t r u -  
ments, qamma e x p o s u r e - r a t e  r e c o r d e r s ,  t hermoluminescent dosim- 
eters, p o r t a b l e  a i r  samplers ,  and s u p p l i e s  f o r  c o l l e c t i n g  envi- 
ronmental  samples,  were p r e p a r e d  t o  conduct  a  moni tor ing  proqram 
d i r e c t e d  from t h e  NTS Cont ro l  P o i n t  v i a  two-way r a d i o  communica- 
t i o n s .  I n  a d d i t i o n ,  for each  e v e n t  a t  t h e  NTS, a U-S, A i r  Force  
a i r c r a f t  w i t h  two Reynolds E l e c t r i c a l  and  Engineer ing  Company 
moni to r s  equipped with p o r t a b l e  radiation s u r v e y  i n s t r u m e n t s  was 
a i r b o r n e  n e a r  s u r f a c e  qround z e r o  t o  d e t e c t  and t r a c k  any rad io -  
a c t i v e  e f f l u e n t .  One EMSL-LV c l o u d  sampl ing  and t r a c k i n g  air- 
craft was a l s o  a v a i l a b l e  t o  o b t a i n  in-c loud samples,  a s s e s s  t o t a l  
c loud volume, and p rov ide  long-ranqe  t r a c k i n g  i n  the e v e n t  of a  
release of airborne rad ioac t iv i ty .  

During t h i s  r e p o r t  p e r i o d ,  o n l y  underground n u c l e a r  detona-  
ti ons were conducted. All d e t o n a t i o n s  w e r e  con ta ined ,  However, 
d u r i n g  re-entry d r i l l i n g  o p e r a t i o n s ,  o c c a s i o n a l  low l e v e l  re- 
leases of a i r b o r n e  r a d i o a c t i v i t y ,  p r i m a r i l y  radioxenon,  d i d  
occur,  According t o  i n f o r m a t i o n  p rov ided  by t h e  Nevada Onera- 
t i o n s  O f f  ice, ERDA, the f o l l o w i n g  q u a n t i t i e s  of r a d i o n u c l i d e s  
were released into the atmosphere d u r i n g  CY 1976: 

TABLE 2. TOTAL AIRBORNE RADIONUCLIDE RELEASES AT THE 
NEVADA TEST SITE 

Q u a n t i t y  Released 
Radionucl  i d e  ( C i )  

3H 3.11 
133Xe 87.70 

1 JJmXe 0.23 
135Xe C. 01 

T o t a l  91-05 



Cont inuous  low-level  r e l e a s e s  o f  JH and 8 s K r  o c c u r  on t h e  
NTS. T r i t i u m  i s  r e l e a s e d  p r i m a r i l y  from t h e  Sedan crater and by 
e v a p o r a t i o n  from ponds formed by d r a i n a g e  o f  wa te r  from t u n n e l  
t e s t  a r e a s  i n  t h e  R a i n i e r  Mesa. Krypton-85 s l o w l y  seeps t o  t h e  
s u r f a c e  from underground test a r e a s .  The q u a n t i t i e s  o f  r a d i o -  
a c t i v i t y  from s e e p a q e  a r e  n o t  q u a n t i t a t e d ,  b u t  a r e  d e t e c t e d  a t  
o n - s i t e  sampl ing  l o c a t i o n s ,  

Con ta ined  w i t h i n  the f o l l o w i n g  s e c t i o n s  o f  t h i s  r e p o r t  a r e  
d e s c r i p t i o n s  f o r  e a c h  s u r v e i l l a n c e  network and i n t e r p r e t a t i o n s  
o f  t h e  a n a l y t i c a l  r e s u l t s  which a r e  summarized (maximum, minimum, 
and  a r i  t h m e t r i c  a v e r a g e  c o n c e n t r a t  i o n s )  i n  t a b l e s ,  Where appro-  
p r i a t e ,  t-he a r i t h m e t r i c  a v e r a g e s  i n  t h e  t a b l e s  a r e  compared t o  
t h e  a p p l i c a b l e  ERDA C o n c e n t r a t i o n  Guides ( C G l s )  l i s t e d  i n  Appen- 
d i x  R. unless s p e c i f i c l y  s t a t e d  o t h e r w i s e ,  a l l  c o n c e n t r a t i o n  
a v e r a g e s  a r e  a r i  thmetric averages .  

For wgrabw t y p e  samples ,  r a d i o n u c l i d e  c o n c e n t r a t  i o n s  w e r e  
e x t r a p o l a t e d  t o  t h e  a p p r o p r i a t e  c o l l e c t i o n  d a t e .  C o n c e n t r a t i o n s  
de te rmined  o v e r  a p e r i o d  o f  t i m e  w e r e  e x t r a p o l a t e d  t o  t h e  mid- 
p o i n t  o f  t h e  c o l l e c t i o n  p e r i o d ,  C o n c e n t r a t i o n  a v e r a g e s  were 
c a l c u l a t e d  assuminq t h a t  e a c h  c o n c e n t r a t i o n  less t h a n  t h e  mini- 
mum d e t e c t a b l e  c o n c e n t r a t i o n  (MDC) was e q u a l  t o  t h e  MDC,  e x c e p t  
f o r  t h e  a i r b o r n e  r a d i o n u c l i d e  c o n c e n t r a t i o n  a v e r a g e s  de te rmined  
f o r  t h e  A i r  S u r v e i l l a n c e  Network, Due t o  t h e  l a r g e  number of  
a i r b o r n e  r a d i o n u c l i d e s  t h a t  can  be p r e s e n t  b e l o w  t h e  MDC, t h o s e  
c o n c e n t r a t i o n s  less t h a n  t h e  MDC w e r e  assumed t o  be z e r o  f o r  t h e  
computa t ion  o f  c o n c e n t r a t i o n  a v e r a g e s ,  and o n l y  t h o s e  r a d i o -  
n u c l i d e s  d e t e c t e d  above t h e  MDc s o m e t i m e  d u r i n g  the y e a r  w e r e  
r e p o r t e d ,  

A l l  r a d i o l o g i c a l  a n a l y s e s  r e f e r r e d  t o  w i t h i n  t h e  t e x t  a r e  
h r i e f l y  d e s c r i b e d  i n  T a b l e  A-2 a n d  l i s t e d  w i t h  t h e  minimum de- 
t e c t a b l e  c o n c e n t r a t i o n s  ( M D C q s ) .  To a s s u r e  v a l i d i t y  of  t h e  d a t a ,  
a n a l y t i c a  1 p e r s o n n e l  r o u t i n e l y  c a l i b r a t e  equipment ,  s p l i t  se- 
l e c t e d  samples ( e x c e p t  f o r  the Air S u r v e i l l a n c e  Network) f o r  
r e p l i c a t e  a n a l y s e s ,  and a n a l y z e  s p i k e d  samples  p r e p a r e d  by t h e  
Q u a l i t y  Assurance  Branch, EMSL-LV, o n  a  bi-monthly b a s i s .  A l l  
q u a l i t y  a s s u r a n c e  c h e c k s  f o r  t h e  y e a r  i d e n t i f i e d  n o  problems 
which would a f f e c t  t h e  r e s u l t s  r e p o r t e d  here.  

For  t h e  purpose  o f  r o u t i n e l y  a s s e s s i n g  t h e  sampl ing  r e p l i c a -  
t i o n  e r r o r  p l u s  a n a l y t i c a l / c o u n t i n q  errors a s s o c i a t e d  w i t h  t h e  
c o l l e c t i o n  and a n a l y s i s  o f  t h e  d i f f e r e n t  t y p e s  of network Sam- 
p l e s ,  a r e p l i c a t e  s a m p l i n g  program f o r  a l l  sample  t y p e s  was 
i n i t i a t e d  a t  t t i e  end o f  CY 1975- A d e s c r i p t i o n  of t h e  proce-  
d u r e s  and r e s u l t s  is p r e s e n t e d  i n  Appendix C, From t h e  r e s u l t s  
of  t h e  proqram, t h e  v a r i a n c e s  t h a t  have been obse rved  i n  a l l  
s u r v e i l l a n c e  d a t a  w e r e  found t o  b e  g r e a t e r  t h a n  t h e  sampl ing  and 
a n a l y t i c a l / c o u n t i n g  errors e x c e p t  f o r  t h e  8 s K r  sampl ing  and  t h e  
m o n i t o r i n g  o f  e n v i r o n m e n t a l  gamma r a d i a t i o n  w i t h  TLD8s, Appar- 
e n t l y  t h e  m a j o r i t y  o f  t h e  v a r i a t i o n  i n  85Kr c o n c e n t r a t i o n s  ob- 



s e r v e d  i n  t h e  p a s t  h a s  been p r i m a r i l y  d u e  t o  t h e  samplinq and 
a n a l y t i c a l / c o u n t i n q  e r r o r s ,  As t h e r e  a r e  n o t  s u f f i c i e n t  TLD data 
f o r  any q iven  s t a t i o n  i n  one  y e a r ,  a  p r o p e r  a s sessment  of t o t a l  
v a r i a n c e s  i n  TLD r e s u l t s  f o r  a  g iven  s t a t i o n  cou ld  n o t  be made t o  
compare t o  t h e  p r e c i s i o n  error d e t e r m i n a t i o n  of t h i s  proqram, 

AT R SURVEILLANCE NETWORK 

The A i r  S u r v e i l l a n c e  Network (ASN) ,  o p e r a t e d  by t h e  EMSL-LV, 
c o n s i s t e d  o f  4 8  a c t i v e  and 73 s t a n d b y  sampl inq  s t a t i o n s  l o c a t e d  
i n  21 Western S t a t e s  (F igures  8 and 9) .  Samples of a i r b o r n e  par- 
t i c u l a t e s  were c o l l e c t e d  c o n t i n u o u s l y  a t  e a c h  a c t i v e  s t a t i o n  on 
10-cm d i a m e t e r ,  g l a s s - f i b e r  f i l t e r s  a t  a f l o w  r a t e  of abou t  400m3 
of a i r  per day. The f i l t e r s  w e r e  c o l l e c t e d  t h r e e  t i m e s  p e r  week, 
r e s u l t i n g  i n  48-  or 72-hour samples from each  a c t i v e  s t a t i o n .  
A c t i v a t e d  c h a r c o a l  c a r t r i d g e s  d i r e c t l y  behind  t h e  g l a s s - f i b e r  
f i l t e r s  w e r e  used r e q u l a r l y  for  the c o l l e c t i o n  of gaseous  r a d i o -  
i o d i n e s  a t  2 1  stations near t h e  NTS, Charcoa l  c a r t r i d g e s  c o u l d  
have been added t o  a l l  o t h e r  s t a t i o n s  and 67 s t a n d b y  s t a t i o n s  
cou ld  have  been a c t i v a t e d ,  if n e c e s s a r y ,  by a  t e l e p h o n e  r e q u e s t  
t o  station operators. All air samples (filters and c a r t r i d g e s )  
were m a i l e d  t o  t h e  EMSL-LV for  a n a l y s i s .  S p e c i a l  r e t r i e v a l  
cou ld  have been a r r a n q e d  a t  s e l e c t e d  l o c a t i o n s  i n  t h e  event a  
r e l e a s e  o f  r a d i o a c t i v i t y  was believed t o  have occurred .  

During t h e  y e a r ,  t h e  s t a n d b y  s t a t i o n s  were a c t i v a t e d  q u a r t e r -  
ly to check t h e  operation of the s a m p l e r s  and t o  m a i n t a i n  an 
u n d e r s t a n d i n g  o f  N e t w o r k  p r o c e d u r e s  with s t a t i o n  o p e r a t o r s ,  Tn 
a n t i c i p a t i o n  of a i r b o r n e  r a d i o a c t i v i t y  from t h e  a tmospher i c  
n u c l e a r  tests by t h e  Peop le ' s  Repub l i c  of  China on September 25 
a t  2200 hours  PDT, and on November 16 a t  2200 hours  PST, 67 o f  
t h e  s t a n d b y  s t a t i o n s  were a c t i v a t e d  with c h a r c o a l  c a r t r i d g e s  
d u r i n g  t h e  r e s p e c t i v e  p e r i o d s  September 29 th rouqh  October 15 
and November 18-26. 

During the r e p o r t  p e r i o d ,  no a i r b o r n e  r a d i o a c t i v i t y  r e l a t e d  
t o  t h e  underqround n u c l e a r  t e s t i n g  program a t  the Nevada Test 
Site was d e t e c t e d  on f i l t e r  samples  or c h a r c o a l  c a r t r i d g e s  from 
t h e  ASN. However, r a d i o a c t i v i t y  from b o t h  n u c l e a r  tests by t h e  
Peop le ' s  Republ ic  of China was d e t e c t e d  on filter samples,  
Appendix D d e s c r i b e s  and summarizes t h e  a n a l y t i c a l  r e s u l t s  of 
t h o s e  samples  c o n t a i n i n g  r a d i o a c t i v i t y  from these tests. 

NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 

The Noble Gas and T r i t i u m  S u r v e i l l a n c e  N e t w o r k ,  which was 
f i r s t  e s t a b l i s h e d  i n  March and A p r i l  1972,  was o p e r a t e d  t o  moni- 
t o r  t h e  a i r b o r n e  l e v e l s  o f  r a d i o k r y p t o n ,  radioxenon,  and t r i t i u m  
(JH) i n  t h e  forms of t r i t i a t e d  hydroqen (HT) , t r i t i a t e d  wa te r  
(HTO) , and t r i t i a t e d  methane (CH3T). The Network c o n s i s t s  of 



f o u r  on-NTS and seven  off-NTS s t a t i o n s  shown i n  F i g u r e  10. 

The equipment  used  i n  t h i s  N e t m r k  is composed of t w o  sepa-  
r a t e  sys tems ,  a  compressor- type  a i r  sample r  and a  molecu la r  
s i e v e  sampler .  The compressor- type  equipment c o n t i n u o u s l y  Sam- 
p l e s  a i k  o v e r  a  7-day p e r i o d  and s t o r e s  it i n  two p r e s s u r e  tanks.  
The t a n k s  t o g e t h e r  hold  a p p r o x i m a t e l y  2 m 3  o f  a i r  a t  a t m o s p h e r i c  
p r e s s u r e .  They a r e  r e p l a c e d  weekly and r e t u r n e d  t o  t h e  EMSL-LV 
where t h e  t a n k  c o n t e n t s  a r e  s e p a r a t e d  and a n a l y z e d  f o r  O S K r ,  

r ad ioxenons ,  and CH,T by g a s  chromatography and  l i q u i d - s c i n t i  1- 
l a t i o n  c o u n t i n g  t e c h n i q u e s  (Tab le  A-2) .  The molecu la r  s i e v e  equip-  
ment samples  a i r  t h r o u q h  a f i l te r  t o  remove p a r t i c u l a t e s  and t h e n  
th rouqh  a  series of  molecu la r  s i e v e  columns. Approximately 5 m3 
o f  a i r  a r e  p a s s e d  t h r o u g h  e a c h  sample r  o v e r  a 7-day sampl inq  
pe r iod .  From t h e  HTO absorbed  on t h e  f i r s t  molecu la r  s i e v e  
column, t h e  c o n c e n t r a t i o n  o f  3H i n  pCi/ml of r e c o v e r e d  m o i s t u r e  
a n d  i n  p C i / m l  o f  sampled a i r  i s  de te rmined  by l i q u i d - s c i n t i l l a -  
t i o n  c o u n t i n g  t echn iques .  The JH,  p a s s i n g  th rough  f h e  f i r s t  
column a s  free hydrogen (HT) , is o x i d i z e d  and c o l l e c t e d  on t h e  
l a s t  molecu la r  s i e v e  column. F r o m  t h e  concen t ra t - ion  of 3 H  f o r  
t h e  m o i s t u r e  r e c o v e r e d  from t h e  l a s t  column, t h e  3 H  ( i n  p C i / m l  
of sampled a i r )  a s  HT i s  determined.  

Tab le  A-3 summarizes t h e  r e s u l t s  of t h i s  Network by l i s t i n g  
t h e  maximum, minimum, and a v e r a g e  c o n c e n t r a t i o n s  f o r  e s K r ,  t o t a l  
Xe o r  133Xe, 3 H  a s  CH,T, 3 H  a s  HTO, and 3 H  a s  HT. The annua l  
a v e r a g e  c o n c e n t r a t i o n s  f o r  e a c h  st  a t i o n  w e r e  c a l c u l a t e d  o v e r  t h e  
t i m e  p e r i o d  sampled assuming t h a t  a l l  v a l u e s  less t h a n  MDC were 
e q u a l  t o  t h e  WDC. A l l  c o n c e n t r a t i o n s  o f  e s K r ,  X e  o r  l 3 3 X e ,  J H  as 
CH,T, 3 H  a s  HTO, and JH a s  HT a r e  e x p r e s s e d  i n  t h e  same u n i t ,  p C i /  
m l  of a i r ,  S i n c e  t h e  JH c o n c e n t r a t i o n  i n  a i r  may v a r y  by f a c t o r s  
o f  15-20 while t h e  c o n c e n t r a t i o n  i n  pCi/ml of a tmospher ic  wa te r  
v a r i e s  by f a c t o r s  up t o ' a b o u t  7, t h e  3 H  c o n c e n t r a t i o n  i n  p C i / m l  
a t m o s p h e r i c  m o i s t u r e  is a l s o  given i n  t h e  t a b l e  a s  a  more re- 
l i a b l e  i n d i c a t o r  in c a s e s  when background c o n c e n t r a t i o n s  of HTO 
a r e  exceeded. 

As shown hy T a b l e  A-3,  t h e  a v e r a g e  esKr c o n c e n t r a t i o n s  f o r  
t h e  y e a r  w e r e  n e a r l y  the same f o r  a l l  s t a t i o n s ,  r a n g i n g  from 1 . 7 ~  
10-11 pCi /ml  t o  2.0~10-11 p C i / r n l ,  w i t h  a n  o v e r a l l  a v e r a g e  of 
1.93~10-11 pCi / rn l .  A s  shown by t h e  f o l l o w i n g  t a b l e ,  t h e  8sKr 
l e v e l s  f o r  a l l  s t a t i o n s  have  been g r a d u a l l y  i n c r e a s i n g ,  Since 
t h i s  happened f o r  all l o c a t i o n s ,  t h e  i n c r e a s e  is  probab ly  a re- 
s u l t  of  a n  i n c r e a s e  i n  the ambient  concen t - ra t ion  world-wide, 
p r i m a r i l y  a s  a  r e s u l t  o f  n u c l e a r  r e a c t o r  o p e r a t i o n s .  Based upon 
t h e  Network a v e r a g e  c o n c e n t r a t i o n s  o v e r  a  5-year p e r i o d ,  t h i s  i n -  
c r e a s e  amounts t o  5x10-l* t o  1 .2~10-13 pCi/ml/y. 



TABLE 3. ANNUAL AVEXAGE CONCENTRATIONS OF BsKR 1972-1976 

- 
C o n c e n t r a t i o n ,  10-11 p C i / m l  

Loca t  i o n  1972 1973 1974 1975 1976 

Death  V a l l e y  Jct.. , C a l i f .  1.6 1.5 1.8 1.7 2.0 
B e a t t y ,  Nev. 7.6 1.6 1.7 1.9 2.0 
Diab lo ,  Nev. 1.6 1.6 1.7 1.8 1.9 
Hiko, Nev. 1.6 1.6 1.7 1.7 1.7 
I n d i a n  S p r i n g s ,  Nev. - - - 2.0 2.0 
Las Veqas, Nev. 1.6 1.6 1.7 1.8 1.8 
Mercury, YTS 1-6  1.6 1.8 1.8 1.9 
Area 51, NTS 1.6 1.6 1.7 1.8 2.0 
B J Y ,  N T S  1.7 1.8 1 - 9  1.9 2.0 
Area 12, MTS 1.6 1.6 1.8 1.8 2.0 
Tonopah, Nev. 1.6 1.6 1.8 1.7 1.9 

T o t a l  Network 1.62 1.61 1.76 1.81 1.93 

The maximum c o n c e n t r a t i o n s  f o r  a l l  s t a t i o n s  r anqed  from 2.4~ 
10-1 1 pCi/mL t o  2.9~10-11 &i/ml. P r e v i o u s l y ,  those c o n c e n t r a -  
t i o n s  e q u a l  t.o o r  q r e a t e r  t h a n  2 .5~10-11 pCi/ml w e r e  a t t r i b u t e d  
t o  some o u t s i d e  s o u r c e  or anomalous v a r i a t i o n s ,  However, f rom 
t h e  e x p e c t e d  q e o m e t r i c  s t a n d a r d  d e v i a t i o n  r e s u l t i n g  from t h e  s a m -  
p l i n q  and a n a l y t i c a l / c o u n t i n g  errors, a s  de te rmined  from the Repl i -  
cate Sampling Program (Appendix C) , t h e  99% upper c o n f i d e n c e  
l i m i t s  (UCLls) on t h e  g e o m e t r i c  mean c o n c e n t r a t i o n s  of esKr w e r e  
de te rmined  a s  3 .0~10-11  p C i / m l  or  3.6~10-11 pCi / in l  depending upon 
whether  one. i s  c o n s i d e r i n q  t h e  l o c a t i o n  having  t h e  l o w e s t  geo- 
metric mean c o n c e n t - r a t i o n  ( 1.67~10-11 p C i / m l  a t  Hiko] f o r  t h e  
y e a r  o r  t h e  l o c a t i o n  with t h e  h i g h e s t  g e o m e t r i c  mean concen t ra -  
t i o n  (2 .01~10-11  pCi/ml a t  BJY) . Based upon t h e  UCL's, a l l  t h e  
Petwork s t a t i o n s  had v a r i a t i o n s  i n  esKr c o n c e n t r a t i o n s  which were 
c o n s i s t e n t  w i t h  v a r i a t i o n s  o n e  would e x p e c t  from t h e  t o t a l  errors 
of sample  c o l l e c t i o n  and a n a l y s i s  de te rmined  from t h e  Replicate 
Samplinq Program. 

A s  i n  t h e  p a s t ,  c o n c e n t r a t i o n s  o f  3 H  a s  RTO i n  a t m o s p h e r i c  
m o i s t u r e  w e r e  q e n e r a l l y  a t  background l e v e l s  a t  a l l  off-NTS 
s t a t i o n s  and a t  the on-NTS s t a t i o n s  Mercury and  Area 51 e x c e p t  
for o c c a s i o n a l  i n c r e a s e s  i n  i n d i v i d u a l  samples .  The on-NTS s t a -  
tions of RJY and Area 12 c o n t i n u e d  t o  have  c o n c e n t r a t i o n s  con- 
s i s t e n t l y  above background;  t h e  c o n c e n t r a t i o n  a v e r a g e s  f o r  t h e s e  
s t a t i o n s  f o r  t h i s  y e a r  were a b o u t  a f a c t o r  o f  5 g r e a t e r  t h a n  
t h e  a v e r a g e  c o n c e n t r a t i o n s  f o r  a l l  off-NTS s t a t i o n s .  

A l l  of t h e  off-NTS stations had c o n c e n t r a t i o n s  of JH a s  HTO 
i n  a t m o s p h e r i c  m o i s t u r e  which w e r e  above  t h e  e x p e c t e d  upper  
l i m i t  o f  background (approximately 1.0~10-6  pCi/ rnl  H,O) used  i n  
t h e  p a s t .  From t h e  e s t i m a t e  o f  s a m p l i n g  and a n a l y t i c a l  c o u n t i n g  



errors f o r  t h i s  t y p e  of sample  (Appendix C) , t h i s  upper  l i m i t  
a p p e a r s  t o  h e  r e a s o n a b l e ;  however, an e v a l u a t i o n  of t h e  cumula- 
t . ive  f requency  d i s t r i b u t i o n s  o f  t h e  a n n u a l  d a t a  f o r  each s t a t i o n  
i n d i c a t e s  t h a t  o c c a s i o n a l  c o n c e n t r a t i o n s  above t h i s  l i m i t  w e r e  
a l l  w i t h i n  t h e  c u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n  o f  env i ronmenta l  
background e x c e p t  f o r  Death V a l l e y  J u n c t i o n ,  which had a  JH con- 
c e n t r a t i o n  o f  4 .2~10-6  p C i / m l  o f  a tmospher ic  m o i s t u r e  d u r i n q  the 
p e r i o d  August 24-31. T h i s  i n d i c a t e s  t h a t  t h e  v a r i a n c e s  i n  con- 
c e n t r a t i o n s  f o r  t h e  o t h e r  off-NTS s t a t i o n s  w e r e  normal v a r i a t i o n s  
i n  env i ronmenta l  backqround. The t o t a l  o f  t h e  a v e r a g e  3H concen- 
t r a t i o n s  (HTO+HT+CH,T) a t  t h i s  l o c a t i o n  was 7.0~10-12 p C i / m l ,  o r  
(0.01 p e r c e n t  o f  t h e  C o n c e n t r a t i o n  Guide (CG) f o r  c o n t i n u o u s  ex- 
posure  t o  a  s u i t a b l e  sample of t h e  exposed popu la t ion .  

The a v e r a q e  c o n c e n t r a t i o n s  o f  38 as HT (Tab le  A-3) a t  a l l  o f f -  
NTS s t a t i o n s  and a t  t h e  on-NTS s t a t i o n s  Mercury and  Area 51 w e r e  
q e n e r a l l y  less t h a n  t h e  a v e r a g e s  f o r  t h e s e  l o c a t i o n s  l a s t  y e a r ,  
whereas t h e  a v e r a g e  c o n c e n t r a t i o n s  f o r  Area 12 and B J Y  w e r e  
s l i g h t l y  h i q h e r  t h a n  l a s t  y e a r ' s  averages .  From a  rev iew of  t h e  
cumula t ive  f requency  d i s t r i b u t i o n s  of t h e  d a t a  f o r  e a c h  s t a t i o n ,  
all c o n c e n t r a t i o n s  seemed t o  be part o f  t h e  env i ronmenta l  back- 
qround. 

C o n c e n t r a t i o n s  o f  3H a s  CH,T w e r e  below t h e  MDC a t  a l l  l o c a -  
t i o n s  a s  normal ly  obse rved  e x c e p t  for a  few d e t e c t a b l e  c o n c e n t r a -  
t i o n s  a t  a l l  l o c a t i o n s  e x c e p t  Diab lo  d u r i n g  t h e  months of Septem- 
h e r  t h r o u g h  November. The maximum c o n c e n t r a t i o n s  f o r  a l l  l o c a -  
t i o n s  r a n q e d  between 4 . 0 ~ 1 0 - l *  p C i / m l  t o  1 .8~10-11 p C i / m l .  The 
t o t a l  of t h e  a v e r a g e  3H c o n c e n t r a t i o n s  [HTO+HT+CH3T) f o r  t h e  
l o c a t i o n  having t h e  h i q h e s t  CH3T c o n c e n t r a t i o n  [ I .  8x10-11 p C i / m l  
a t  Tndian S p r i n g s )  was (0.03 p e r c e n t  o f  t h e  C G  f o r  exposure  t o  a 
s u i t a b l e  sample o f  t h e  exposed p o p u l a t i o n .  S i n c e  t h e  d e t e c t a b l e  
c o n c e n t r a t i o n s  o c c u r r e d  g e n e r a l l y  th roughou t  t h e  Network d u r i n g  
t h e  same p e r i o d ,  t h e  c o n c e n t r a t i o n s  w e r e  n o t  a t t r i b u t e d  t o  NTS 
o p e r a t i o n s .  

DOSIMETRY NETWORK 

The Dosimetry Network d u r i n g  t h e  f i r s t  t h r e e  q u a r t e r s  of  1976 
c o n s i s t e d  o f  70 l o c a t i o n s  s u r r o u n d i n g  t h e  Nevada T e s t  S i t e  which 
were moni tored  c o n t i n u o u s l y  w i t h  thermoluminescent  d o s i m e t e r s  
(TLDqs). E i q h t  s t a t i o n s  w e r e  added t o  t h e  network i n  t h e  f o u r t h  
q u a r t e r  o f  1976 i n  o r d e r  t o  improve t h e  geograph ic  d i s t r i b u -  
t i o n  and p o p u l a t i o n  coverage ,  b u t  t h e s e  w i l l  not. be r e p o r t e d  
u n t i l  'I 977. The l o c a t i o n s  o f  a l l  s t a t i o n s ,  shown i n  F i g u r e  11, 
a r e  w i t h i n  a  270-km r a d i u s  of t h e  c e n t e r  o f  t h e  N T S  and i n c l u d e  
b o t h  i n h a b i t e d  and u n i n h a b i t e d  l o c a t i o n s ,  Each Dosimetry Net- 
work s t a t i o n  was r o u t i n e l y  equ ipped  w i t h  three Harshaw model 
2271-G2 (TLD-200) d o s i m e t e r s  which w e r e  exchanqed on a q u a r t e r l y  
b a s i s ,  With in  t h e  g e n e r a l  a r e a  covered  by t h e  dos imet ry  s t a -  
t i o n s ,  2 5  c o o p e r a t i n g  o f f - s i t e  r e s i d e n t s  e a c h  wore a  dos imete r ,  



which was exchanged a t  t h e  same t i m e  a s  t h e  s t a t . i o n  d o s i m e t e r s ,  

The model 227 1-G2 d o s i m e t e r s  c o n s i s t  of two s m a l l  "chips"  
of dyspros ium-ac t iva ted  ca lc ium f l u o r i d e ,  d e s i q n a t e d  TLD-200 
by Harshaw, mounted i n  a window o f  T e f l o n  p l a s t i c  a t t a c h e d  t o  
a s m a l l  aluminum c a r d ,  An energy  compensat ion s h i e l d  of 1.2-mm 
t h i c k  cadmium meta l  is p l a c e d  o v e r  t h e  c h i p s ,  and the whole c a r d  
i s  t h e n  s e a l e d  i n  a n  opaque p l a s t i c  c o n t a i n e r .  Three  of t h e s e  
d o s i m e t e r s  a r e  p l a c e d  i n  a rugged p l a s t i c  housing l o c a t e d  one  
metre above t h e  qround a t  each  s t a t i o n  l o c a t i o n  t o  s t a n d a r d i z e  
t h e  exposure  geometry and t o  p r e v e n t  t amper ing  or p i l f e r a g e .  

A f t e r  a p p r o p r i a t e  c o r r e c t i o n s  were made f o r  background ex- 
posure  accumula ted  d u r i n g  sh ipment  between t h e  Labora to ry  and 
t h e  moni to r ing  l o c a t i o n ,  t h e  d o s i m e t e r  r e a d i n g s  f o r  e a c h  s t a t i o n  
w e r e  averaqed,  and t h i s  a v e r a g e  v a l u e  f o r  e a c h  s t a t i o n  was com- 
pared  t o  s i m i l a r  values from the p a s t  y e a r  t o  d e t e r m i n e  i f  t h e  
new v a l u e  was within t h e  r a n g e  o f  p r e v i o u s  background v a l u e s  f o r  
t h a t  s t a t i o n .  Any v a l u e s  s i g n i f i c a n t l y  g r e a t e r  t h a n  p r e v i o u s  
v a l u e s  would have l e d  t o  c a l c u l a t i o n s  o f  net exposure,  w h i l e  
v a l u e s  s i q n i  f i c a n t l y  less t h a n  p r e v i o u s l y  would have  been exam- 
i n e d  t o  de te rmine  p o s s i b l e  r e a d i n g  or h a n d l i n g  e r r o r s ,  The re- 
s u l t s  from each  of the p e r s o n n e l  d o s i m e t e r s  w e r e  compared t o  
t h e  background v a l u e  o f  the n e a r e s t  s t a t i o n  t o  de te rmine  i f  a 
n e t  exposure  had occurred .  

The s m a l l e s t  exposure  i n  excess o f  background r a d i a t i o n  which 
may be de te rmined  from t h e s e  d o s i m e t e r  r e a d i n q s  depends p r i m a r i l y  
on v a r i a t i o n s  i n  t h e  n a t u r a l  background a t  t h e  p a r t i c u l a r  sta- 
t i o n  l o c a t i o n ,  Exper ience  has shown t h e s e  v a r i a t i o n s  to be  s i g -  
n i f i c a n t  from one m o n i t o r i n g  p e r i o d  t o  a n o t h e r ,  o c c a s i o n a l l y  
approach inq  20  p e r c e n t ,  which is d e c i d e d l y  g r e a t e r  t h a n  t h e  pre-  
c i s i o n  o f  t h e  d o s i m e t e r s  themselves ,  From t h e  r e s u l t s  of  t h e  
R e p l i c a t e  Sampling Program, Appendix C, t h e  99% upper  c o n f i d e n c e  
l i m i t  f o r  v a r i a t i o n s  from t h e  geometric mean due t o  p r e c i s i o n  
errors was e s t i m a t e d  t o  be 14%. T y p i c a l l y ,  t h e  smallest n e t  ex- 
posure  o b s e r v a b l e  for  a 90-day m o n i t o r i n g  p e r i o d  would be 5-15mR 
i n  excess of background, The term wbackgroundw, a s  used i n  t h i s  
c o n t e x t ,  r e f e r s  t o  n a t u r a l l y  o c c u r r i n g  r a d i o a c t i v i t y  p l u s  a con- 
t r i b u t i o n  from r e s i d u a l  man-made f i s s i o n  p roduc t s ,  

Tab le  A-4 lists the maximum, minimum, and a v e r a g e  dose  equiv-  
a l e n t  r a t e  (mrem/y) measured a t  e a c h  s t a t i o n  i n  t h e  network 
d u r i n g  1976 due t o  p e n e t r a t i n g  gamma r a d i a t i o n ,  Only one  s t a -  
tion, a r e l a t i v e l y  new s t a t i o n ,  Mammoth Mountain, C a l i f o r n i a ,  
(260 km nor thwes t  o f  CP- 1, NTS) showed a s m a l l  (8mR) exposure  i n  

e x c e s s  of t h e  es t imat -ed  background, Due t o  v a r y i n q  amounts o f  
snow c o v e r  d u r i n g  t h e  y e a r ,  this s t a t i o n  may e x h i b i t  u n u s u a l l y  
l a r g e  v a r i a t i o n s  i n  t h e  ohse rved  exposure  rate a s  a consequence 
of i t s  l o c a t i o n ,  F u r t h e r  i n v e s t i g a t i o n  is n e c e s s a r y  t o  d e t e r m i n e  
the a c t u a l  cause, though it is undoubtedly  u n r e l a t e d  t o  t h e  c u r -  
r e n t  t e s t i n g  program a t  NTS, Only o n e  o f  t h e  c o o p e r a t i n g  o f f -  



si te  r e s i d e n t s  e x h i b i t e d  e x p o s u r e s  (3-4mR) i n  e x c e s s  of t h e  os t i -  
mated background, b u t  an  i n v e s t i g a t i o n  has  i n d i c a t e d  t h a t  t h i s  is 
probab ly  due t o  l o c a l  v a r i a t i o n s  i n  n a t u r a l  background and i s  un- 
r e l a t e d  t o  NTS a c t i v i t i e s .  

The a v e r a q e  e x p o s u r e  r a t e  f o r  t h e  Dosimetry Network was 
approx imate ly  t h e  same i n  1976 as i n  1975, d e s p i t e  t h e  f a l l o u t  
d e t e c t e d  by the A i r  S u r v e i l l a n c e  Network from a t m o s p h e r i c  tests 
conducted  by the P e o p l e ' s  R e p u b l i c  of China i n  September and 
November. TJnusually l o w  l e v e l s  of world-wide f a l l o u t  p r e v a i l e d  
th rouqhou t  t h e  y e a r ,  though t h i s  may have  been p a r t i a l l y  o f f s e t  
by t h e  i n c r e a s e d  cosmic r a y  flux, a s  1976 marked t h e  minimum of 
t h e  1 1-year  s o l a r  a c t i v i t y  c y c l e  (Anderson, 1972) . The t a b l e  be- 
l o w  shows t h e  d e c r e a s i n q  t r e n d  o f  t h e  d o s e  d u e  t o  env i ronmenta l  
r a d i a t i o n  from 1971 t h r o u g h  1976 f o r  t h e  Dosimetry N e t w o r k ,  

TABLE 4, DOSIMETRY NETWORK SUMMARY FOR THE YEARS 1971-1976 

Environmenta l  R a d i a t i o n  Dose Rate  (mrem/y) 
Year Maximum Minimum Averaqe 

During 1976, i n v e s t i g a t i o n s  c o n t i n u e d  i n t o  t h e  c a l i b r a t i o n  
t e c h n i q u e s  f o r  t h e  TLDgs used  by t h e  m s i m e t r y  Network, Through 
EMSL-LV p a r t - i c i p a t i o n  i n  a n  i n t e r n a t i o n a l  d o s i m e t e r  i n t e r c o m p a r i -  
s o n  a s  w e l l  a s  a series o f  l a b o r a t o r y  s t u d i e s ,  i t  was d i s c o v e r e d  
t h a t  two s i g n i f i c a n t  f a c t o r s  were be ing  underes t ima ted ,  l e a d i n g  
t o  a  q e n e r a l  u n d e r e s t i m a t i o n  o f  t h e  exposure  measured by t h e  2271- 
G 2  dosirnet-ers ,  F i r s t ,  i n a d e q u a t e  a l lowance  was be ing  made f o r  
s c a t t e r e d  r a d i a t i o n  p r e s e n t  d u r i n g  t h e  c a l i b r a t i o n  e x p o s u r e  pro- 
cess u s i n g  ~ J ~ C S ,  By chang ing  t o  a  more a p p r o p r i a t e  e x p o s u r e  
geometry,  a change o f  a p p r o x i m a t e l y  12% was noted ,  Secondly,  i n -  
a d e q u a t e  a l l o w a n c e  f o r  f a d i n g  o f  t h e  s t o r e d  TL s i g n a l  w i t h i n  t h e  
d o s i m e t e r  was b e i n q  made, By e x p o s i n g  t h e  c a l i b r a t i o n  c o n t r o l s  
halfway t h r o u g h  t h e  i s s u e - c o l l e c t i o n  c y c l e ,  a s  w e l l  a s  p l a c i n q  
p r e - i r r a d i a t e d  d o s i m e t e r s  a t  e a c h  s t a t i o n  i n  a d d i t i o n  t o  t h e  
r o u t i n e  o n e s ,  a more p r e c i s e  compensat ion f o r  s i g n a l  f a d i n q  may 
be a c h i e v e d ,  The d a t a  p r e s e n t e d  i n  this r e p o r t  h a v e  been c a l c u -  
l a t e d  i n  t h i s  manner, as w i l l  the d a t a  i n  f u t u r e  r e p o r t s .  Simi- 
l a r  c o r r e c t i o n s  t o  t h e  1975 d a t a  r e s u l t e d  i n  t h e  v a l u e s  shown i n  
t h e  above t a b l e  which a r e  5- 16% h i g h e r  t h a n  t h o s e  p r e v i o u s l y  re- 
p o r t e d ,  



While it i s  n e a r l y  i m p o s s i b l e  t o  make comparisons of Dosim- 
e t r y  Network d a t a  w i t h  o t h e r  situ measurements - a s  v e r y  few 
have been made - compar isons  o f  measurements t a k e n  w i t h  t h e s e  
d o s i m e t e r s  a t  o t h e r  l o c a t i o n s  show r e a s o n a b l e  agreement  w i t h  rec- 
ogn ized  s t a n d a r d s ,  For example, i n  t h e  Second I n t e r n a t i o n a l  
Tntercomparison o f  Environmental  Dosimeters conducted  d u r i n g  the 
winter of 1975-76 in New York, a f t e r  c o r r e c t i o n s  for f a d i n q  and 
s c a t t e r e d  r a d i a t i o n  d u r i n g  c a l i b r a t i o n  w e r e  made, t h e  EPA est i-  
mate o f  t h e  f i e l d  e x p o s u r e  was 17.5mR compared t o  t h e  a c c e p t e d  
v a l u e  o f  17mR measured w i t h  a p r e s s u r i z e d  i o n i z a t i o n  chamber 
(Burke et a l , ,  1976) .  T h i s  d i f f e r e n c e  is w e l l  w i t h i n  t h e  est i-  

mated p r e c i s i o n  o f  t h e  EPA d o s i m e t r y  system- 

The f u n c t i o n  o f  the Dosimetry N e t w r k  is to  measure t h e  r a d i -  
a t i o n  exposures ,  i f  any, due t o  r e l e a s e s  of r a d i o a c t i v i t y  from 
t h e  NTS. To do t h i s  a c c u r a t e l y  r e q u i r e s  e s t a b l i s h m e n t  of  t h e  
env i ronmenta l  background r a d i a t i o n  exposure  r a t e  a t  e a c h  moni- 
t o r i n g  s t a t i o n  so t h a t  an e x p o s u r e  i n  e x c e s s  of t h a t  backqround 
c a n  be  noted .  The a b i l i t y  t o  measure t h e  background r a t e ,  
w h i l e  b o t h  i n t e r e s t i n q  and n e c e s s a r y ,  is of secondary  impor tance  
t-o t h e  measurement o f  r a d i a t i o n  d o s e s  d u e  t o  NTS a c t i v i t i e s ,  

A network o f  30 s t a t i o n a r y  gamma exposure  r a t e  r e c o r d e r s  
p l a c e d  a t  s e l e c t e d  a i r  sampl ing  l o c a t i o n s  w a s  used  t o  document 
qamma e x p o s u r e  r a t e s  a t  f i x e d  l o c a t i o n s  ( F i g u r e s  8 and 9 ) .  These  
r e c o r d e r s  use a 2.5- by 30.5-cm c o n s t a n t - c u r r e n t  i o n i z a t i o n  cham- 

. . .  ber d e t e c t o r  f i l l e d  w i t h  methane, and o p e r a t e  on e i t h e r  1 IOV a.c, 
or  on a s e l f - c o n t a i n e d  b a t t e r y  pack, They have a r a n g e  o f  0.004 
mR/h t o  40mR/h w i t h  a n  accuracy of a b o u t  5 10 pe rcen t .  Beginning 
i n  October o f  this r e p o r t  p e r i o d ,  a l l  b u t  t h e  f o l l o w i n g  1 0  s t a -  
t i o n s  i n  Nevada were p l a c e d  on s t andby :  Alamo, Rea t ty ,  Diahlo ,  
G o l d f i e l d ,  I n d i a n  S p r i n g s ,  La th rop  Wells, Nyala,  Scottyg s Junc-  
t i o n ,  S t o n e  Cabin Ranch, Tonopah, and Twin S p r i n g s  Ranch. During 
t h e  y e a r ,  no i n c r e a s e  i n  e x p o s u r e  r a t e s  a t t r i b u t a b l e  t o  NTS 
o p e r a t i o n s  was d e t e c t e d  by t h e  ne twork  o f  gamma-rate r e c o r d e r s ,  

MTLK SURVEILLANCE NETWORK 

Milk is o n l y  one of  t h e  sources o f  d i e t a r y  i n t a k e  of env i ron-  
menta l  r a d i o a c t i v i t y ,  However, it is a v e r y  conven ien t  i n d i c a t o r  
of  t h e  q e n e r a l  p o p u l a t i o n ' s  i n t a k e  o f  b i o l o g i c a l l y  s i g n i f i c a n t .  
r a d i o n u c l i d e  contaminants .  For  t h i s  r e a s o n  it is moni tored  o n  a 
r o u t i n e  basis. Few of the fission p r o d u c t  r a d i o n u c l i d e s  become 
i n c o r p o r a t e d  into t h e  m i l k  due  to  the selective metabol i sm of t h e  
c o w ,  However, t h o s e  t h a t  are i n c o r p o r a t e d  are very i m p o r t a n t  
from a r a d i o l o g i c a l  h e a l t h  s t a n d p o i n t  and a r e  a v e r y  s e n s i t i v e  
measure o f  t h e i r  c o n c e n t r a t i o n s  i n  t h e  environment ,  The s i x  m o s t  
c o p o n  f i s s i o n  product r a d i o n u c l i d e s  which can  o c c u r  i n  mi lk  a r e  
JH, 89,90Sr,  1311, 1 3 7 C s ,  and  14oBa. A s e v e n t h  r a d i o n u c l i d e ,  
*OK, also occurs i n  milk a t  a r e a s o n a b l y  constant concentration 
o f  a b o u t  1-2x10-6 p C i / m l ,  S i n c e  t h i s  i s  a n a t u r a l l y  o c c u r r i n g  



r a d i o n u c l i d e ,  i t  was n o t  i n c l u d e d  i n  t h e  a n a l y t i c a l  r e s u l t s  
summarized i n  t h i s  s e c t i o n .  

The m i l k  s u r v e i l l a n c e  ne tworks  o p e r a t e d  by t h e  EMSL-LV were 
t h e  r o u t i n e  Milk S u r v e i l l a n c e  Network (MSN) and  t h e  Standby Milk 
S u r v e i l l a n c e  Network (SMSN) . The MSN, d u r i n g  1976 ( F i g u r e  12)  , 
c o n s i s t e d  of  2 2  d i f f e r e n t  l o c a t i o n s  where 3 . 8 - l i t r e  mi lk  samples  
w e r e  c o l l e c t - e d  from f a m i l y  c o w s ,  commerical p a s t e u r i z e d  mi lk  pro- 
d u c e r s ,  Grade A raw mi lk  i n t e n d e d  f o r  p a s t e u r i z a t i o n ,  and Grade A 
raw milk  f o r  l o c a l  consumption- I n  t h e  e v e n t  of a  r e l e a s e  of 
a c t i v i t y  from t h e  NTS, i n t e n s i v e  sampl ing  would have been con- 
duc ted  i n  t h e  a f f e c t e d  a r e a  w i t h i n  a  480-km r a d i u s  of CP- 1 ,  NTS, 
t o  a s s e s s  the r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  m i l k ,  t h e  r a d i a t i o n  
d o s e s  t h a t  c o u l d  r e s u l t  from t h e  i n g e s t i o n  o f  t h e  m i l k ,  and t h e  
need f o r  p r o t e c t i v e  a c t i o n ,  Samples a r e  c o l l e c t e d  from m i l k  
s u p p l i e r s  and p r o d u c e r s  beyond 480 3cm w i t h i n  t h e  SMSN. 

During 1975, 89 milk samples  were c o l l e c t e d  f rom t h e  MSN on a  
q u a r t e r l y  c o l l e c t i o n  schedu le ,  Sampling was t e r m i n a t e d  a t  t h e  
d a i r i e s  i n  Bishop, Hiko, and Alamo, due t o  t h e i r  go ing  o u t  of 
b u s i n e s s .  N o  r e p l a c e m e n t s  for t h e  ones  a t  Bishop and Alamo were 
a v a i l a b l e ;  however, sampl ing  w a s  begun a t  t h e  Hansen Ranch a s  a  
replacement  f o r  t he  S c h o f i e l d  D a i r y  a t  Hiko. 

Each MSN m i l k  sample  w a s  a n a l y z e d  f o r  gamma-emitters and 
8 9  19oSr. Samples c o l l e c t e d  at s i x  l o c a t i o n s  from t h e  M S N  w e r e  
also a n a l y z e d  f o r  JH. T a b l e  A-2 l is ts  the g e n e r a l  a n a l y t i c a l  pro- 
c e d u r e s  and d e t e c t i o n  l i m i t s  f o r  t h e s e  a n a l y s e s .  

The S M S N  c o n s i s t e d  o f  a b o u t  1 5 8  Grade A m i l k  p r o c e s s i n g  p l a n t s  
i n  a l l  S t a t e s  w e s t  o f  t h e  M i s s i s s i p p i  River .  Managers of  t .hese 
f a c i l i t i e s  c o u l d  be r e q u e s t e d  by t e l e p h o n e  t o  c o l l e c t  raw mi lk  
samples  r e p r e s e n t i n q  mi lk  s h e d s  s u p p l y i n g  mi lk  t o  t h e  p l a n t s .  
S i n c e  t h e r e  w e r e  no r e l e a s e s  o f  r a d i o a c t i v i t y  from t h e  NTS o r  
o t h e r  t es t  l o c a t i o n s ,  t h i s  network was n o t  a c t i v a t e d  e x c e p t  t o  
r e q u e s t  one  sample  from most of t h e  l o c a t i o n s  t o  check t h e  r e a d i -  
n e s s  and r e l i a b i l i t y  o f  t h e  network. During t h e  y e a r ,  110 mi lk  
samples w e r e  c o l l e c t e d  and a n a l y z e d  by gamma spec t romet ry .  Sam- 
p l e s  s e l e c t e d  from a l l  Western S t a t e s  w e r e  a l s o  a n a l y z e d  f o r  3H 
and 8 9  f90Sr. 

The a n a l y t i c a l  r e s u l t s  o f  m i l k  samples  c o l l e c t e d  from t h e  MSN 
d u r i n g  1976 are summarized i n  T a b l e  A-5, where t h e  maximum, mini- 
mum, and a v e r a g e  c o n c e n t r a t i o n s  o f  t h e  1 J ? C s ,  89,90Sr, and 3R in 
samples c o l l e c t e d  d u r i n g  the year a r e  shown f o r  e a c h  sampl ing  
l o c a t i o n .  A s  shown by t h e  f o l l o w i n g  T a b l e  5, t h e  a v e r a g e  r a d i o -  
n u c l i d e  c o n c e n t r a t i o n s  for t h e  whole Network are comparable t o  
t h o s e  f o r  t h e  S M S N ,  i f  n o t  s l i g h t l y  l o w e r .  



TABLE 5. SUMMARY O F  RADIONUCLIDE CONCENTRATIONS 
FOR MILK SURVEXUANCE NETWORK AND STANDBY 

SURVEILLANCE NETWORK 

C o n c e n t r a t  i o n  
(1 0-9 pCi /ml )  

No. o f  C C C 
Network Kad ioncu l ide  Samples - Max Min A v q  

MSN 1 3 7 ~ s  87 < 10 < 2 < 4 
9oSr 88 6.5 (0.6 (2 
JH 23 (700 (300 (400 

SMSN l 3 7 C s  110 I f  <4 <7 
9 o S r  55 8.9 (0.7 < 3  
3H 29 1500 (300 ( 5 0 0  

The obse rved  l e v e l s  o f  9 o S r  i n  m i l k  from t h e  a r e a  cove red  by 
t h e  MSN a r e  q e n e r a l l y  below c o n c e n t r a t i o n s  measured i n  o t h e r  
l o c a t i o n s  i n  t h e  United S t a t e s  d u e  t o  t h e  l o w  r a i n f a l l  an?, 
s u b s e q u e n t l y ,  low d e p o s i t i o n  o f  9oSr i n  Nevada, A s  shown i n  
F iqure  13, hiqher c o n c e n t r a t i o n s  of 9OSr measured by t h i s  Network 
normal ly  occur  t o  t h e  n o r t h  of t h e  NTS, This is s u s p e c t e d  t o  be 
t h e  r e s u l t .  o f  c l o s e - i n  f a l l o u t  f o l l o w i n g  t h e  a tmospher i c  n u c l e a r  
tests d u r i n g  t h e  1950 ' s  and t h e  h i g h e r  r a i n f a l l  t h a t  o c c u r s  n o r t h  
of the NTS. These hiqher c o n c e n t r a t i o n s  are still below t h e  
c o n c e n t r a t i o n s  measured i n  many p a r t s  o f  t h e  c o u n t r y  and are 
d i s t i n q u i s h a b l e  o n l y  because  o f  t h e  low c o n c e n t r a t i o n s  which 
normal ly  p r e v a i l  i n  t h i s  a r e a -  

LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Durinq this r e p o r t i n g  p e r i o d ,  EMSGLV p e r s o n n e l  c o n t i n u e d  t h e  
c o l l e c t i o n  and a n a l y s i s  o f  water samples  from wells, s p r i n q s ,  and  
s p r i n g - f e d  surface w a t e r  s o u r c e s  which a r e  down the h y d r o l o q i c  
g r a d i e n t  o f  t h e  groundwater  a t  the NTS and a t  off-NTS sites of 
underground n u c l e a r  d e t o n a t i o n s  t o  moni to r  f o r  any m i q r a t i o n  of 
test - r e l a t e d  r a d i o n u c l i d e s  thkough t.he movement of  groundwater.  
The wate r  samples were c o l l e c t e d  from w e l l  heads or sprinq d i s -  
c h a r g e  p o i n t s  wherever  p o s s i b l e .  Prior t o  e a c h  sampl ing  at a 
wel lhead ,  w a t e r  was pumped from t h e  a c q u i f e r  t o  a s s u r e  t h e  
c o l l e c t i o n  of r e p r e s e n t a t i v e  samples.  I f  pumps w e r e  n o t  a v a i l -  
a b l e ,  a n  e l e c t r i c a l - m e c h a n i c a l  w a t e r  sampler  c a p a b l e  of c o l l e c t -  
i n q  3-litre samples  a t  d e p t h s  t o  1800 m was used. 



Nevada T e s t  S i t  e 

For t h e  NTS, a t t e m p t s  w e r e  made t o  sample 10  1oca t . ions  month- 
l y  and 22  l o c a t - i o n s  semi -annua l ly  ( F i q u r e s  14 and 1 5 ) .  Addi t ion-  
a l l y ,  samples  were c o l l e c t e d  a n n u a l l y  from 10 l o c a t i o n s  s e l e c t e d  
from t h e  former  Water S u r v e i l l a n c e  Network, which was d iscon-  
t i n u e d  i n  1975. Not a l l  s t a t i o n s  cou ld  be sampled w i t h  t h e  
d e s i r e d  f requency  because  of  i n c l e m e n t  weather  c o n d i t i o n s  and 
i n o p e r a t i v e  pumps. 

During t h e  y e a r ,  sampl ing  a t  W e l l  20A-2 and W e l l  19q-s was 
d i s c o n t i n u e d  because  of  p o s s i b l e  c o l l a p s e  of t h e  w e l l s  from 
n u c l e a r  tests i n  t h e  a r e a ,  Also W e l l  5 - 7 2  was r e d e s i g n a t e d  a s  a  
s t a n d b y  t o  Well 5-13. W e l l  2 ,  which was p r e v i o u s l y  sampled semi- 
a n n u a l l y ,  was added t o  t h e  g roup  o f  l o c a t i o n s  sampled monthly. 

For e a c h  sampled l o c a t i o n ,  samples  of raw wate r ,  f i l t e r e d  
wa te r ,  and f i l t e r e d  and a c i d i f i e d  wa te r  were collected. The raw 
wate r  samples  were a n a l y z e d  for JH. P o r t i o n s  of t h e  f i l t e r e d  and 
a c i d i f i e d  samples  w e r e  q i v e n  r a d i o c h e m i c a l  a n a l y s e s  by t h e  cri- 
t e r i a  summarized i n  T a b l e  A-6. T a b l e  A-2 summarizes t h e  ana- 
l y t i c a l  t e c h n i q u e s  used,  Each f i l t e r  w a s  a l s o  a n a l y z e d  by q a m a  
s p e c t r o m e t r y ,  

T a b l e s  A-7, A-8, and A-9 f ist  t h e  a n a l y t i c a l  r e s u l t s  f o r  a l l  
samples  c o l l e c t e d  and a n a l y z e d  d u r i n q  t h i s  r e p o r t i n g  p e r i o d  and 
compares them t o  t h e  C G f s  (Appendix B). A s  i n d i c a t e d  by t h e  
tables, a l l  obse rved  c o n c e n t r a t i o n s  of t h e  man-made r a d i o n u c l i d e s  
JH,  89 ,90Sr ,  and 2 3 8 r 2 J g P ~  w e r e  e i t h e r  below t h e  MDC9s o r  s m a l l  
f r a c t i o n s  of t h e  CG*s. The c o n c e n t r a t i o n s  of  t h e s e  r a d i o n u c l i d e s  
i n  a l l  w e l l s  n o t  con tamina ted  by r a d i o a c t i v e  t r a c e r  s t u d i e s  w e r e  
a l s o  i n  conformance w i t h  t h e  r e c e n t l y  promulgated  EPA Drink ing  
Water R e g u l a t i o n s  (Appendix B) , even  though few o f  t h e  w e l l s  are 
used f o r  d r i n k i n g  water .  

A s  i n  t h e  p a s t ,  3 H  was d e t e c t e d  i n  NTS W e l l s  C and C-1 due  
t o  t r a c e r  exper iments  conduc ted  p r i o r  t o  t h e  commencement of this 
s u r v e i l l a n c e  program, A l l  3H c o n c e n t r a t i o n s  were below 0.0 1 per- 
c e n t  o f  t h e  C o n c e n t r a t i o n  Guide f o r  a n  occupa t iona l ly -exposed  
person.  

Due t o  the a b s e n c e  of  i n f o r m a t i o n  on backqround l e v e l s  o f  J H  
i n  a l l  o t h e r  deep wells, t h e  3 H  c o n c e n t r a t i o n s  measured by t h e  
program can o n l y  be compared t o  p r e v i o u s  d e t e r m i n a t i o n s .  Such a  
comparison f o r  e a c h  l o c a t  i o n  i n d i c a t e d  t h a t  t h e r e  a r e  no s i g n i f  i- 
c a n t  i n c r e a s e s  in c o n c e n t r a t i o n s  which cou ld  be t h e  r e s u l t  of  3R 

m i g r a t i o n  from t h e  sites of underground n u c l e a r  d e t o n a t i o n s ,  
Many o f  t h e  samples  c o l l e c t e d  from w e l l s  had 3 H  c o n c e n t r a t i o n s  
n e a r  t h e  MDC with f l u c t u a t i o n s  o c c a s i o n a l l y  above t h e  MIX. These 
v a r i a t i o n s  a p p e a r  t o  he comparable  t o  t h e  v a r i a t i o n s  from t h e  
sampl ing  and a n a l  y t i c a l / c o u n t i n g  e r r o r s  e s t i m a t e d  from samples  
r e c e i v i n g  238TJ a n a l y s e s .  The 99% upper c o n f i d e n c e  l i m i t s  f o r  Sam- 



ples r e c e i v i n q  23aU a n a l y s e s  (Appendix C)  were 4-9 t i m e s  the 
g e o m e t r i c  mean c o n c e n t r a t i o n ,  depend ing  upon whe the r  t h e  samples 
were c o l l e c t e d  from w e l l  h e a d s  o r  w i t h  the e l e c t r i c a l - m e c h a n i c a l  
w a t e r  sampler. Assuming t h a t  t h e  geometric mean f o r  a given 
l o c a t i o n  i s  near the MDC for 3H, ( a p p r o x i m a t e l y  9 . 0 ~ 1 0 - 9  pCi/ml), 
t h e  h i g h e s t  c o n c e n t r a t i o n  of 3H o n e  would expect a t  the 9 9 %  con- 
f i d e n c e  l eve l  would be 4 . 0 ~ 1 0 - e  pCi/ml t o  8. 0x10-8 pCi/ml. A l l  
3B c o n c e n t r a t i o n s  i n  s a m p l e s  from the wells were below these 
l e v e l s  e x c e p t  for o n e  s a m p l e  from W e l l  1J3CN-5 (3 .30~10-7 pCi/ml) 
a n d  the two semi-annua l  s a m p l e s  from W e l l  B (2 .6~10-7  pCi/ml and  
2 . 5 ~ 1 0 - 7  pCi/ml) . S i n c e  the 3H c o n c e n t r a t i o n s  i n  s a m p l e s  f rom 
We11 TJ3CN-5 i n  p a s t  y e a r s  have  n e v e r  exceeded  5 . 1 ~ 1 0 - a  pCi/ml, 
t h i s  v a l u e  is c o n s i d e r e d  an anomaly. W e l l  B w a s  s ampled  t h i s  
y e a r  for the f irst  time, so n o  past  i n f o r m a t i o n  on the 3H con- 
c e n t r a t i o n  i n  t h i s  w e l l  i s  a v a i l a b l e .  

The 226Ra and 2 3 4  I * 3 S 1 2 3 8 U  d e t e c t e d  i n  m o s t  o f  t h e  w a t e r  
s a m p l e s  occur n a t u r a l l y  i n  g roundwater ,  The c o n c e n t r a t i o n s  of 
t h e s e  r a d i o n u c l i d e s  for t h i s  r e p o r t i n g  p e r i o d  were s imilar  t o  
t h e  c o n c e n t r a t i o n s  r e p o r t e d  for p r e v i o u s  years .  

Tables A-7, A-8, and A-9 show c o n c e n t r a t i o n s  of 9oSr ,  23%Pu, 
a n d  239Pu which  were above t h e i r  r e s p e c t i v e  M I X ' S .  These concen-  
t r a t i o n s ,  with two-sigma c o u n t i n g  error and percentage of  t h e  
appropriate C o n c e n t r a t i o n  Guide, are  shown as f o l l o w s  i n  T a b l e  6 ,  

TABLE 6. DETECTABLE CONCENTRATIONS OF 90SR, 2 38PU, * 3 9P1J 
IN WATER SAMPLES 

Conc. 23-Siqma % of 
Coun t ing  Error Conc, 

L o c a t i o n  R a d i o n u c l i d e  ( 10-9 ~ C i / m l )  Guide  

W e l l  TJESC 2 38Pu 0-19  + 0.10 <0.01 
B e a t t y  C i t y  Supp ly  2 39Pu 0,062 0 .041  <0.01 
Las Vegas W e l l  28 9 oSr 1.1 20.72 0.4 
L a t h r o p  Wells City Supply  239Pu 0,032 + 0 . 0 3 0  (0.01 
Twin S p r i n g s  Ranch 2 39Pu 0.024 2 0.027 <0.01 
Tonopah City Supply 238Pu 0.027 * 0.035 <0 ,01  

239Pu 0.020 0.024 <0.01 

All of t h e  p r e c e d i n g  c o n c e n t r a t i o n s  are  less or o n l y  s l i g h t l y  
g r e a t e r ,  t h a n  t h e i r  respective t h r e e - s i g m a  c o u n t i n q  errors; t h e r e -  
fore, a l l  t h e  c o n c e n t r a t i o n s  are c o n s i d e r e d  t o  he t h e  r e s u l t  of 
s t a t i s t i c a l  e r r o r  and n o t  n e c e s s a r i l y  true i n d i c a t i o n s  of t h e  

, p r e s e n c e  o f  these r a d i o n u c l i d e s .  



Other  T e s t  sites 

The a n n u a l  c o l l e c t i o n  and r a d i o l o g i c a l  a n a l y s i s  of w a t e r  
samples w e r e  c o n t i n u e d  f o r  t h i s  program a t  a l l  off-NTS sites of 
underground n u c l e a r  d e t o n a t i o n s  e x c e p t  for Project Cannikin  on  
Amchitka I s l a n d ,  Alaska ,  and P r o j e c t  R i o  Blanco near Meeker, 
~ o l o r a d o ,  Thp l a t t e r  t w o  sites a r e  the r e s p o n s i b i l i t y  of o t h e r  
a g e n c i e s .  The p r o j e c t  sites a t  which samples  were c o l l e c t e d  
a r e  P r o j e c t  Gnome n e a r  Car l sbad ,  N e w  Mexico; P r o j e c t  F a u l t l e s s  
i n  C e n t r a l  Nevada; P r o j e c t  Shoa l  n e a r  F a l l o n ,  Nevada; P r o j e c t  
Gasbuggy i n  Rio A r r i b a  County, N e w  Mexico; P r o j e c t  Rul i s o n  n e a r  
R i f l e ,  Colorado;  and  P r o j e c t  D r i b b l e  a t  Tatum D o m e ,  M i s s i s s i p p i ,  
F i g u r e s  16 t h r o u g h  22  i d e n t i f y  t h e  sampl ing  l o c a t i o n s ,  and  
Tab le  A-1 lists a d d i t i o n a l  i n f o r m a t i o n  on  t h e  l o c a t i o n  of e a c h  
s i te  and tests performed a t  t h e s e  l o c a t i o n s .  

A l l  s amples  w e r e  a n a l y z e d  u s i n g  t h e  same cr i ter ia  (Tab le  A-6) 
a s  f o r  samples  from t h e  NTS Programs, The a n a l y t i c a l  r e s u l t s  of  
a l l  w a t e r  samples c o l l e c t e d  d u r i n g  CY 1976 a r e  summarized i n  
Tab le  A-10 and compared t o  t h e  C G 1 s  (Appendix B). I n  g e n e r a l ,  
the c o n c e n t r a t i o n s  o f  t h e  man-made r a d i o n u c l i d e  JH,  % 9 1 9 o S r ,  and 
2381239Pu were less t h a n  t h e  MDC's o r  a  s m a l l  f r a c t i o n  of t h e  
C G 1 s ,  The c o n c e n t r a t i o n s  of t h e s e  r a d i o n u c l i d e s  i n  a l l  w e l l s  n o t  
p r e v i o u s l y  con tamina ted  by r a d i o a c t i v e  t r a c e r  s t u d i e s  w e r e  a l s o  
i n  conf ormance w i t h  t h e  EPA D r i n k i n g  Water R e g u l a t i o n  (Appendix 
B) , a l t h o u q h  few o f  the w e l l s  are a c t u a l l y  used  for d r i n k i n s  
wa te r ,  The c o n c e n t r a t i o n s  o f  the n a t u r a l l y  o c c u r r i n g  rad ionu-  
c l i d e s  22bRa and 2 3 4 1 2 3 5 1 2 3 8 U  were c o n s i s t e n t  w i t h  l e v e l s  s een  
f o r  p r e v i o u s  years .  A l l  3 H  c o n c e n t r a t i o n s  i n  w e l l  samples  were 
s i m i l a r  t o  c o n c e n t r a t - i o n s  measured d u r i n g  p r e v i o u s  y e a r s ,  

The o n l y  sample results showinq r a d i o a c t i v i t y  c o n c e n t r a t i o n s  
s i g n i f i c a n t l y  above background l e v e l s  were f o r  USGS W e l l s  Nos- 4 
and 8 n e a r  Malaga, N e w  Mexico. As mentioned i n  p r e v i o u s  re- 
p o r t s ,  t h e s e  w e l l s ,  which a r e  f enced ,  p o s t e d ,  and locked t o  p re -  
v e n t  t h e i r  u s e  by u n a u t h o r i z e d  p e r s o n n e l ,  w e r e  con tamina ted  by 
t h e  i n j e c t i o n  o f  high c o n c e n t r a t i o n s  of r a d i o a c t i v i t y  f o r  a  
r a d i o a c t i v e  t r a c e r  s tudy.  

A l l  s u r f a c e  wa te r  samples  had 3H c o n c e n t r a t i o n s  no  g r e a t e r  
than  2 .5~10-6  p C i / m l ,  a l e v e l  c o n s i d e r e d  from p a s t  e x p e r i e n c e  
t o  be  t h e  h i q h e s t  one would e x p e c t  from a t m o s p h e r i c  f a l l o u t ,  ex- 
c e p t  f o r  a  sample (3.0~10'6 f 0.26~10-6 p C i / m l )  c o l l e c t e d  from 
Half  Moon Creek Overflow, n e a r  B a x t e r v i l l e ,  M i s s i s s i p p i .  Con- 
s i d e r i n g  t h e  c o u n t i n g  error o f  t h i s  sample,  t h e  3 H  c o n c e n t r a t i o n  
was n o t  c o n s i d e r e d  t o  be s i g n i f i c a n t l y  d i f f e r e n t  from f l u c t u a -  
t . ions i n  backqround. 

One s u r f a c e  wa te r  sample from Ba t t l ement  C r e e k  n e a r  Grand 
Va l l ey ,  Colorado,  had a  measured c o n c e n t r a t i o n  of 9oSr of 1 . 6 t  
0 .85~10-9  p C i / m l ,  which i s  0 . 5  p e r c e n t  o f  t h e  CG. The c o n c e n t r a -  
tion was o n l y  s l i g h t l y  q r e a t e r  t h a n  t h e  3-sigma c o u n t i n g  e r r o r ;  



t h e r e f o r e ,  t h e  c o n c e n t r a t i o n  was c o n s i d e r e d  t o  be t h e  r e s u l t  of 
s t a t i s t i c a l  e r r o r  and was n o t  n e c e s s a r i l y  a t r u e  i n d i c a t i o n  of  
t h e  presence of this r a d i o n u c l i d e ,  - The c o n c e n t r a t i o n s  of t h i s  
r a d i o n u c l i d e  i n  samples  c o l l e c t e d  p r e v i o u s l y  t o  t h i s  r e p o r t  
p e r i o d  w e r e  a l l  less t h a n  t h e  MDC f o r  9oSr. 

WHOLE-BODY COTTNTING 

During 1976, t h e  measurements o f  body burdens of  r a d i o -  
a c t i v i t y  i n  s e l e c t e d  o f f  -site r e s i d e n t s  were con t inued ,  The 
whole-body c o u n t i n g  f a c i l i t y  was d e s c r i b e d  i n  a p r e v i o u s  r e p o r t  
(NERC-LV-539-31, 1974)-  

About 49 o f  f - s i t e  r e s i d e n t s  from 13 l o c a t  i o n s  were examined 
t w i c e  d u r i n g  the year ,  The home l o c a t i o n s  of  t h e s e  i n d i v i d u a l s  
were Pahrump, Lund, B e a t t y ,  C a l i e n t e ,  P ioche ,  Nyala,  Round Moun- 
t a i n ,  E ly ,  Tempiute,  G o l d f i e l d ,  La th rop  Wells, Tonopah, and 
S p r i n g  Meadows Farms, Nevada, When p o s s i b l e ,  a l l  members of a 
f a m i l y  were i n c l u d e d ,  

The minimum d e t e c t a b l e  c o n c e n t r a t i o n s  f o r  137Cs by whole- 
body c o u n t i n g  was 5x10-9 pCi/g f o r  a body weight  of  70  kq and a 
YO-minute coun t ,  E a c h . i n d i v i d u a 1  w a s  a l s o  q iven  a comple te  
h e m a t o l o g i c a l  examina t ion  and a t h y r o i d  p r o f i l e .  A u r i n e  sample 
was c o l l e c t e d  from e a c h  i n d i v i d u a l  f o r  JH a n a l y s i s ,  and composi te  
u r i n e  samples  from e a c h  family w e r e  a n a l y z e d  f o r  238,239Pu. 

From t h e  r e s u l t s  of whole-body c o u n t i n g ,  t h e  f i s s i o n  p r o d u c t  
137Cs was d e t e c t e d  above t h e  d e t e c t i o n  l i m i t  i n  82 i n d i v i d u a l s ,  
The maximum, minimum, and a v e r a g e  c o n c e n t r a t i o n s  f o r  t h i s  r a d i o -  
n u c l i d e  were 2-  8x 10-8, 5.0~10-9 ,  and 1 .2~10-8  pCi/g body weiqht, 
r e s p e c t i v e l y ,  which were s i m i l a r  t o  1 as t  year  *s c o n c e n t r a t i o n s  
(maximum o f  4 i  3x10-8; minimum of 5 . 0 ~ 1 0 - 9 ;  and a v e r a g e  of  1,4x 
10-6 pCi/g body w e i g h t ) ,  

I n  r e g a r d  t o  t h e  h e m a t o l o g i c a l  examina t ions  and t h y r o i d  pro-  
f i les ,  no abnormal r e s u l t s  were o b s e r v e d  which c o u l d  be a t t r i -  
b u t e d  t o  p a s t  or p r e s e n t  NTS t e s t i n g  o p e r a t i o n s ,  The c o n c e n t r a -  
t i o n s  of .*38Pu and  239Pu i n  a l l  u r i n e  samples  were <3xlO-i* pCi/ 
ml and (1x10-10 p C i / m l ,  r e s p e c t i v e l y .  C o n c e n t r a t i o n s  of JH i n  
u r i n e  samples  w e r e  obse rved  above t h e  MIX of  t h e  measurement; 
however, t h e  l e v e l s  obse rved  ( a v e r a g e  of 0.7~10-6 pCi /ml  w i t h  a 
r a n q e  o f  0 .2~10-6  t o  2,0x10-* p C i / m l )  w e r e  w i t h i n  t h e  ranqe  o f  
backqround c o n c e n t r a t i o n s  normal ly  o b s e r v e d  i n  s u r f a c e  waters or 
a t m o s p h e r i c  m o i s t u r e ,  



DOSE ASSESSMENT 

The o n l y  r a d i o n u c l i d e  a s c r i b e d  t o  NTS o p e r a t i o n s  d e t e c t e d  
off-NTS was 3H a t  Death V a l l e y  J u n c t i o n ,  The above backgrounfi 
c o n c e n t r a t i o n  o f  3H o c c u r r e d  only i n  one sample  c o l l e c t e d  o v e r  
t h e  p e r i o d  Auqust 24-31, The JH c o n c e n t r a t i o n  i n  t h i s  sample  w a s  
4 .2~10-6  p C i / m l  H,O or 2 . 9 ~ 1 0 - 1 1  p C i / m l  a i r ,  Based upon a n  a m -  
b i e n t  3 H  c o n c e n t r a t i o n  of 2-0x10-12 p t i / m l  a i r ,  t h e  n e t  3 H  con- 
c e n t r a t i o n  a t  Death V a l l e y  J u n c t i o n  was 2 . 7 ~ 1 0 - 1 1  pCi/ml. The 
whole-body d o s e  from this c o n c e n t r a t i o n  was e s t i m a t e d  a s  

(2.7k10-11 p C i / m J )  (7  days) (500  mrem/year) = 1.3 prem. 
( 2 .  Ox 10-7 pCi /mJ)  ( 3 6 5  days/year)  

The 80-km d o s e  comti tment  fo r  t h e  a r e a  between t h e  NTS and Death 
V a l l e y  J u n c t i o n  ( p o p u l a t i o n  of 600) was e s t i m a t e d  t o  he 0.00078 
man- rem , 
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Figu re  1. Nevada Test S i t e  Loca t ion  
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Figure 2. Nevada Test Site Road and Facility Map 



Figure 3 .  Groundwater Flow Systems - Nevada T e s t  S i t e  
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MOJAVE DESERT 

SCALE IN KILOMETRES 



Figure 5 .  Location and Number of Family Milk C o w s  and Goats 
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Figure 6. Location and Number of Dairy Cows 
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Figure 8. Nevada Air Surveillance Stations 





Figure 10. Noble Gas and Tritium Surveillance Network 



Figure 11. Dosimetry Network 
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MILK SAMPLING LOCATIONS 

SCALE IN MILES 

NOTE WHEN SAMPLING LOCATION OCCURRED IN CITY OR TOWN. 
THE SAMPLING LOCATION SYMBOL WAS USED FOR SHOWING 
BOTH TOWN AND SAMPLING LOCATION 

Figure 12. Milk Surveillance Network 
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Figure 13. Annual Average Concentrations of ''~r (lo-' ~Ci/ml) 
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Figure  1 4 .  On-Site Long-Term Hydrological  Monitoring Program, 
Nevada T e s t  S i t e  



Figure 15. Off-Site Long-Term Hydrological Monitoring Program, 
Nevada Test Site 
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Figure 16. Long-Term Hydrological Monitoring Locations, 
Carlsbad, New Mexico, Project Gnome/Coach 
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HUNTS STATION. 

Figure 17. Long-Term Hydrological Monitoring Locations, 
Fallon, Nevada, Project Shoal 
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Figure 18. Long-Term Hydrological Monitoring Locations, 
Project Dribble/Miracle Play (vicinity of Tatum 
Salt Dome, Mississippi) 
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Figure 19. Long-Term Hydrological Monitoring Locations, 
Project Dribble/Miracle Play (Tatum Salt Dome, 
Mississippi) 
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Figure 20. Long-Term Hydrological Monitoring Locations, 
Rio Arriba County, New Mexico, Project Gasbuggy 
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Figure 21 .  Long-Term Hydrological Monitoring Locations,  
Rulison, Colorado, P r o j e c t  Rulison 
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Figure 22. Long-Term Hydrological Monitoring Locations, 
Central Nevada Test Area, Faultless Event 
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Table  A-1. Underground T e s t i n g  Conducted Off t h e  Nevada T e s t  S i t e  

-. 

N a m e  of Test, 
Operation o r  

P ro jec t  Date 

Depth 
m 

I f t l  
Purpose of  
t h e  Event<*ls)  Location 

Pro jec t  Gnome/ 12/10/61 
Coach< 1 , 48 km (30 m i )  SE of 

~ a r l s h d ,  N. Mex. 
Multi-purpose 
experiment. 

P ro jec t  Shoalt a 3 1 O/ 26/63 45 km (28 mi) SE of 
Fallon. Nev. 

Nuclear t e s t  
detect ion re- 
search experi- 
men t . 

Project  Dribble< 2 3 10/22/64 
(Salmon Event) 

34 km (21 mi) sWof 
Hattiesburg. M i s s .  

Nuclear t e s t  
detect ion re- 
search experi- 
ment. 

Operation Long 10/29/65 
Shot< 2,  

Amchitka Island,  
Alaska 

WD nuclear 
test detect ion 
ex per iment , 

Pro jec t  Dribbleco, 12/03/66 
(S te r l ing  D e n t )  

3U km (21 m i )  Sw of 
Hattiesburg, M i s s ,  

Nuclear test 
detect ion re- 
search experi- 
ment. 

P ro jec t  Gasbuggyc 8 2 12/10/67 88 km (55 mi) E of 
Farmington, N. Mex. 

J o i n t  Government- 
Industry gas 
s t imulat ion ex- 
periment. 

Fau l t l e s s  Event< 3 , 01/19/68 Central  Nevada Test 
Area 96 km (60 mi) E 
of Tonopah. Nev. 

Ca l ib ra t ion  
test. 

Pro jec t  Miracle 02/02/69 
Play (Diode Tube) < 2,  

34 krn (21 m i )  Sw of 
Hattiesburg, M i s s .  

Detonated in 
Salmon/Sterling 
cavity. Seismic 
studies.  

Non- 
nuclear 
explosion 

Project  Rulison< 8 8 09/ 10/6 9 Gas skimulation 
experiment. 

19 km (12 m i )  SW of 
Rifle. Colo. 

Operation Milrow< 3, 10/02/69 Amchitka Island,  
Alaska 

Cal ibra t ion t e s t .  

P ro jec t  Miracle 04/ 19/70 
Play (Humid 
Water) < 2, 

34 km (21 mi) SWof 
Hattiesburg, M i s s .  

Non- 
nuclear 
explosion 

Detonated i n  
Salmon/Sterling 
cavity.  Seismic 
s tudies .  

Operation 
Cannikinc 3 3  

Amchitka. Island, 
ALaska 

Test  of war- 
head f o r  
Spartan 
m i s s l e .  

P ro jec t  R i o  
Blancoc 1, 

48 km (30 m i )  SW of 
Meeker, Colo. 

Gas stimula- 
t i o n  experi- 
ment. 



Table A-1. ( c o n t i n u e d )  

< 1) Plowshare Events 

c2)Vela Uniform Events 

c3)Weapons Tests 

<*)Information from -Revised Nuclear Test  S ta t i s t ics ."  dated September 20. 197U. and 
-Announced United States Nuclear Test S ta t i s t ics ."  dated June 30, 1976, d i s t r i b u t e d  by 
David G. Jackson. Director, Office of Public Affairs .  Energy Research 6 
Administration, Nevada Operations Office, Las Vegas. Nevada. 

<s]News r e l ease  AL-62-50, AM: Albuquerque Operations Office. Albuquerque, New Mexico. 
December 1. 196 1. 

<.)rThe Effec t s  of Nuclear Weapons,w Rev. Ed. 1964- 



Table A-2. Summary of Analytical Procedures 

Counting sample Approximate 
Type of Analytical  period Analytical s i z e  Detection 
Analvsis Eauiment IMin) Procedures (Litre)  Limit < 2  j 

Gamma Gamma spectro- 
Spectroscopy< 1 meter with 

1 O-cm-thick 
by 1 O-cm-diam- 
eter NaI (Tl- 
ac t iva ted)  
c r y s t a l  with 
input  t o  200 
channels (0-2 
MeV) of  400- 
channel. pulse- 
height analyzer. 

100 min f o r  
milk, water. 
Long-Term 
Hydro. Sue- 
pended sol- 
i&. and a i r  
f i l t e r s :  10 
min f o r  a i r  
charcoal 
cartr idges.  

Law- bac kground 50 
t hin-window. 
grs-flow pro- 
por t  iona l  
counter with a 
5.7-an diameter 
window (80 pg/ 
cm2). 

Radionuclide 
concentra- 
t i o n s  quan- 
t i t a t e d  from 
gamma spec- 
trometer 
da ta  by com- 
puter  using 
a l e a s t  
squares 
technique. 

3.5 f o r  
rout ine  milk 
and water 
samples ; 
800-1200 m l  
f o r  a i r  f i l -  
ter samples: 
7.3 l i t re 
f o r  long- 
Term Hydro. 
Water sus- 
pended 
sol ids .  

For rou t ine  mi lk  
and water gen- 
e ra l ly .  5x10-9 
pCi/ml f o r  most 
common f a l l o u t  
radionuclides i n  
a simple spec- 
trum. For a i r  
f i l t e r s .  
2x10-1 1 pci/ml. 
For Long-Term 
Hydro. sus- 
pended so l ids ,  
3.0~10-9 pCi01nl. 

Chemical 1.0 a*Sr = 2x10-9 
separat ion by pCi/ml 
ion  exchange. *oSr = 1x10-9 
Separated sam- pci/ml.  
p l e  counted 
successively: 
a c t i v i t y  ca l -  
culated by 
simultaneous 
equations. 

Automatic 200 Sample pre- 0.005 
l i q u i d  pared by 
s c i n t i l l a t i o n  d i s t i l l a t i o n .  
counter with 
output pr in ter .  

3H Enrichment Automatic 200 Sample concen- 0.25 
(Long-Term s c i n t i l l a t i o n  t r a t e d  by 
Hydrological counter with e l e c t r o l y s i s  

followed by Samples) < 3 B output pr in ter .  
d i s t i l l a t i o n .  

Alpha spectro- 1000 - 
meter with US 1400 
nuno, 300-pm 
deplet ion depth 
s i l i c o n  surface  
b a r r i e r  de tec tors  
operated in 
vacuum chambers. 

Single channel 
analyzer 
coupled to 
P.M. tube  
detector.  

Sample is 1 
digested with 
acid, separated 
by ion  exchange. 
e l ec t rop la  t ed  
on s t a i n l e s s  
steel planchet 
and caunted by 
alpha spectro- 
meter. 

Precip i ta ted  1.5 
with Ba, con- 
verted to 
chloride. 
s to red  f o r  
30 days f o r  
a22Rn SzaRa t o  
equi l ibra te .  
Radon gas  
pumped i n t o  
s c i n t i l l a t i o n  
cell f o r  alpha 
sc*till.ation 
counting. 



Table A-2. (continued) 

-- -- - 

counting Sample ~pproxi inate  
of Analytical Period Analytical  S ize  Detection 

Analv sis Euuipment (Min) Procedures (Li t re)  Limit < 2 3 

Gross alpha Low- background 5 0 
~ r o s s  beta thin-window, 
i n  l i q u i d  gas- f l o w  pro- 
samples < 3 ) por t  iona l  

counter with a 
5.7-an-diameter 
window (80 pg/ 
cm2) . 

G r o s s  beta 
on a i r  
f i l t e r s < l )  

Sample eva- 0.2 a = 3x10-9 pCi/ml 
p r a t e d ;  p = 2x10-9 pCi/ml 
res idue  
weighed and 
counted ; 
corrected f o r  
self-attenu- 
ation. 

Low-level end 
window, gas 
flow propor- 
t i o n a l  counter 
with a 12.7- 
cm-diameter 
window (100 
mg/cmZ) . 

20 F i l t e r s  10-cm 
counted upon diameter 
receipt and g l a s s  f i b e r  
a t 5 a n d 1 2  f i l t e r :  sam- 
days a f t e r  p l e  co l l ec ted  
col lec t ion;  from 800- 
l a s t  t w o  1200m3. 
counts used 
t o  extra-  
po la te  con- 
cent ra t ion  
t o  mid-col- 
l e c t i o n  t i m e  
assuming T-1 2 
decay o r  using 
experimentally 
derived decay. 

Automatic 200 
l i q u i d  s c i n t i l -  
l a t i o n  counter 
with output  
pr in ter .  

Physical QOO- O s K r  = 2x10-12 
separat ion by 1000 pCi/ml 
gas chroma- 
tography: d is -  X e  = 2x10-12 
solved i n  pCi/ml 
toluene "cock- 
t a i l n  f o r  count- CH3T = 2x10-12 
ing . pCifml 

<aILem, P. N. and Snell ing,  R. N. nsouthwestern Radiological Health Laboratory Data 
Analysis and hrocedures Manual," SWRHL-21. Southwestern Radiological Health Laboratory, 
U.S. Environmental Protection Agency, Las Vegas, NV. March 1971 

c2)The detec t ion  l i m i t  f o r  a l l  samples is defined a s  t h a t  r ad ioac t iv i ty  which equals 
t h e  2-sigma counting error.  

<3,Johns, F. B. "Handbook of Radiochemical Analytical  Methods," EPA 680/4-75-001. 
U. S. Environmental Protection Agency, NERC-LV, Las Vegas, NV. February 197 5. 



Table A-3.  1976 Summary of Analyt i ca l  R e s u l t s  
for the Noble Gas and T r i t i u m  Surveillance Network 

' No. 
Sampl inq  Days, 
Loca t  i o n  Sampled 

Dea t h 357.5 
Va 1 ley 357.5 
Jct.. , 321.7 
C a l i f .  357.5 

321.7 
328.6 

Radio- 
n u c l i d e  

@sKr 
T o t a l  Xe 
3 H  a s  HTO 
3H as CH3T 
3 H  as  HTO 
3 H  a s  HT 

R a d i o a c t i v i t y  C o n c e n t r a t i o n s  X of 
C C C Conc. 

U n i t s  Max Min Avq Guide(  1 

1 0 - r z p c i / m l a i r  25  12 2 0 0.02 
10-1 2pCi/ml a i r  < 7 < 4 < 5 <0.01 
10-*pCi/ml H 2 0  4.2 < 0.2 ( 0 . 5  - 
10-12pCi/ml a i r  7.0 < 2 
lO-l2pci /ml  a i r  29 < 0.2 : : 1 <0.01 
10-12pci/ml a i r  5.3 < 0.4 < 2 

Reat t .y ,  363.3 8sKr 10-~2pCi /ml  a i r  24 15 20 0.02 
Nev. 363.3 T o t a l  X e  10-&2pCi/ml a i r  < 7 < 4 < 5 <0.01 

328.5 3 H  a s  HTO 10-*pCi/ml HzO 1.6 < 0.2 < 0.4 - 
363.3 3H a s  CH3T 10-IzpCi/ml a i r  11  < 2 
328.5 3 H  a s  HTO 10-12pCi/ml a i r  21 < 0.2 : : 1 <0.01 
328.5 3H a s  HT 10-azpCi/ml a i r  5.0 < 0.2 < 2 

D i a b l o ,  341.4 @sKr 10-l*pCi/ml a i r  25 12 19 0.02 
~ e v  . 341.4 T o t a l  Xe 10-l+pCi/ml  a i r  < 8 < 4 < 5 (0.01 

320.6 3H as HTO 10-6pCi/ml H 2 0  1.2 < 0.2 < 0.4 - 
335.4 3 H  as  CH,T 10-12pCi/ml a i r  < 3 < 2 < 2 
320.6 3 H  as FIT0 10-lzpCi/ml a i r  5.8 < 0.4 < 2 I < O . O l  
320.6 3H as RT 1 0 - 1 2 p C i l r n l a i r  2.7 < 0.3 < 0 . 8 1  

H i  ko, 
Nev. 

349.4 asKr 10-lapCi/ml a i r  25 1 1  17 0.02 
349.4 T o t a l  Xe 10-**pCi/ml a i r  < 8 < 4 < 5 <O. 0 1 
321.5 3H as 'HTO 10-bpCi/ml H 2 0  1.4 ( 0 . 2  ( 0 . 4  - 
349.4 3H a s  CH3T 10-12pCi/rnl a i r  6.1 < 2 

< 3  j tO.01 321.5 3H as HTO 1 - 1  a i r  3.4 < 0.3 < 2 
321.5 3 H a s H T  10-lzpCi/ml a ir  1.3 < 0.2 C 0.6 

T nd i a n  350.6 @s.Kr 10-12pCi/ml a i r  26 12 2 0 0.02 
S p r i n q s ,  357.6 T o t a l  Xe 1 - 1  a i r  < 8 < 0 < 4 (0. 0 1 
Nev. 335.7 3 H  a s  HTO 10-6pCi/ml H 2 0  2.4 ( 0 . 2  ( 0 . 5  - 

363.6 3H as  CH3T 10-lzpCi/ml air 18 < 2 < 3 
335.7 3 H  a s  HTO 1 - 1  air 12 ( 0 . 2  ( 2 1  tO.01 
328.7 3H as HT 1 - C m - a  7.6 < 0.2 < 2 



Table A-3. (continued) 

No. Radioactivity Concentrations X of 
samplinq Days Radio- C C C Conc. 
T.ocat ion Sampled nuclide - Units Max Min Avq Guide< 1 ) 

Las Vegas, 340.5 8sKr lO-t2pCi/rnl air 29 12 18 0.02 
NeV. 340.5 Total Xe 10-lzpCi/ml air < 7 < 3 < 5 (0.01 

342.4 3H as HTO 10-6pCi/ml H,O 1.1 < 0.2 .< 0.4 - 
340.5 3H as CH,T 10-12pCi/ml air 7-0 < 2 
342.4 3H as HTO 10-12pCi/ml air 17 < 0.4 : : 1 <0.01 
342.4 3H as HT 1 0 C i m l  air 1.8 < 0.2 < 0.6 

NTS, Nev. 363.2 BsXr lO-r2pCi/ml air 26 12 19 (0.0 1 
vercury 363.2 Total Xe 10-12pCi/ml air < 6 < U < 5 (0.0 1 

320.4 3H as HTO 10-apCi/rnl H,O 3.6 (0.2 <0.5 - 
363.2 J H  as CH3T 10-~2pCi/rnl air 1 1  < 2 
320.4 3H as HTO lO-lzpCi/rnl air 19 (0.2 < 2  <0.01 
320.4 3 H a s H T  10-1zpCi/ml air 3.9 < 0.2 < 0.7 

NTS, Nev. 336.7 BSKr lO-12pCi/ml air 25 12 2 0 <0.01 
Area SIC*) 349.7 Total Xe 10-lzpCi/ml air < 6 < 4 < 4 (0.0 1 

3 36.6 3A as HTO 10-apCi/ml HzO 15 < 0.3 < 0.9 - 
3b9-7 3H a s  CH,T 10-i*pCi/ml air 7.0 < 2 
336.6 3H as HTO 10-lz~Ci/rnl air 35 < 0.3 : : <0.01 
329.6 3H a s  HT 10-lzpCi/ml air < 5 < 0-2 < 0.9 

NTS, N e v .  356.4 
R JY 355.4 

356.6 
363.4 
356.6 
356.6 

NTS, Nev. 3U2.4 
Area 12 349. 4 

341-6 
349.4 
341.6 
341.6 

8sKr 10-azpCi/ml air 27 
Total Xe 10-lzpCf/ml air < 6 
3H as HTO 10-qpCi/m3 H20 6.9 
3H as CH,T 10-lzpCi/ml air 4.0 
JH a s  HTO 10-lzpCi/ml air 51 
3H as HT 10-12pCi/ml air < 8 

8s Kr 10-l2pCi/ml air 24 
Total Xe 10-l2pCi/ml air < 6 
3H as HTO 10-6pCi/ml H20 71 
JH as CH3T 10-lzpCi/ml air 4.0 
JH a s  HTO l0-1zpCi/ml air 230 
3H as HT 10-12pCi/ml air 75 



Table A-3. (continued) 

NO . R a d i o a c t i v i t y  C o n c e n t r a t i o n s  % o f  
Sampl ing  Days Radio- C C C Conc. 
L o c a t i o n  .Sampled n u c l i d e  U n i t s  Max Min Avq G u i d e <  1 1 

Tonopa h, ' 363.3 e5Kr 10-lzpCi/ml a i r  25 1 3  19 0.02 
Nev. 363.3 T o t a l  xe 10- rzpc i /ml  a i r  < 7 < 5 < 5 <0.01 

363.5 3 H  a s  HTO 10-*pCi/ml HrO 1.3 < 0.2 < 0.4 - 
363.3 3 H a s C H 3 T  1 0 - 1 z p C i / m l a i r  4.0 < 2  
363.5 3H as  HTO 10-lzpCi/rnl a i r  13 < 0.3 < 2 
357.5 = H a s  HT 10- 1 apCi/ml a i r  4.3 ( 0 . 2  ( 0 . 8  

( 1 C o n c e n t r a t i o n  G u i d e s  u s e d  f o r  NTS s t a t i o n s  are t h o s e  a p p l i c a b l e  t o  expo- 
s u r e s  t o  r a d i a t i o n  w o r k e r s .  T h o s e  u s e d  f o r  o f  f-NTS s t a t i o n s  are f o r  
e x p o s u r e  t o  a s u i t a b l e  s a m p l e  o f  t h e  p o p u l a t i o n  i n  a n  u n c o n t r o l l e d  a r e a .  
S e e  Appendix B f o r  C o n c e n t r a t i o n  Guides.  

< 2 )  A l s o  known as  Groom Lake. 



Table A-4. 1976 Summary of Radiation Doses for t h e  Dosimetry N e t w o r k  

Annual 
A d  j u s t a d  

Dose Dose 
E q u i v a l e n t  R a t e  Equiv- 

S t a t i o n .  Measurement (mrem/d) a l e n t  
Location P e r i o d  Max. Min. Avs. (mrern/yl 

Adaven, Nev. 

Alamo, Nev. 

Baker ,  C a l i f .  

Bars tow,  C a l i f .  

B e a t t y ,  Nev. 1/20/76 - 1/04/77 0.30 0.28 0.29 110 

Bishop ,  C a l i f .  1 1 / 7 6  - 1/11/77 0.28 0.24 0.26 95 

Blue E a g l e  Ranch, Nev. 1/22/76 - 1/13/77 0.18 0.16 0.17 6 2 

B l u e  J a y ,  Nev. 1/21/76 - 1/13/77 0.33 0.29 0.31 110 

Cactus S p r i n g s ,  Nev. 1/19/76 - 1/03/77 0-16 0.14 0.15 5 5 

C a l i e n t e ,  Nev. 1/14/76 - 1/06/77 0-36 0.28 0.33 120 

C a s e y ' s  Ranch, Nev. 1/21/76 - 1/10/77 0.21 0.18 0.20 7 3 

C e d a r  City, Utah  1/21/76 - 1/31/77 0.24 0.20 0.22 8 1 

C l a r k  S t a t i o n ,  Nev. 1/21/76 - 1/13/77 0.33 0.28 0.32 120 

C o y o t e  Summit, Nev. 1/20/76 - 1/10/77 0.34 0.31 0.33 120 

C u r r a n t ,  Nev. 1/22/76 - 1/12/77 0.28 0.23 0.26 9 5 

D e a t h  V a l l e y  Jct., C a l i f .  1/15/76 - 1/13/77 0.22 0.21 0.22 8 1 

Desert. Game Range, Nev. 1/19/76 - 1/03/77 0.16 0.15 0.15 5 5 

Desert Oasis,. Nev. 1/19/76 - 1/10/77 0.18 0.16 0.17 6 2 

D i a b l o  Maint .  Sta., Nev. 1/20/76 - 1/10/77 0.37 0.32 0.34 120 

Duckwater,  Nev. . 1/22/76 - 1/12/77 0.33 0.27 0.30 1 I 0  

E l g i n ,  Vev. 1/14/76 - 1/05/77 0.36 0.31 0.34 120 

E l  y ,  Nev. 1/20/76 - 1/13/77 0.25 0.21 0.23 8 4 



Table A-4, (continued) 

Annual 
A d j u s t e d  

Dose Dose 
E q u i v a l e n t  R a t e  Equiv- 

Station Measurement (mrem/d) a1 e n t  
L o c a t  i o n  P e r i o d  Max. Min. Avq. Imrem/y) 

E n t e r p r i s e ,  Utah  1 / 2 / 7 6  - 1/11/77 0.j0 0.25 0.28 100 

Furnace Creek, Calif. 1/15/76 - 1/13/77 0.19 0.17 0.18 6 6 

G e y s e r  Maint.  Sta . ,  Nev. 1/20/76 - 1/11/77 0.29 0.25 0.27 9 9 

G o l d f i e l d ,  Nev. 1/20/76 - 1/10/77 0.29 0.24 0.27 9 9 

G r o o m  Lake, Nev. 1/20/76 - 1/10/77 0.20 0.17 0.19 7 0 

Hancock Summit, Nev. 1/20/76 - l /10/77 0.42 0.35 0.39 140 

Hiko, Nev. 1/13/76 - 1/04/77 0.23 0.20 0.22 8 1 

H o t  Creek Ranch, Nev. 1/21/76 - 1/13/77 0.26 0.22 0.25 92 

Independence ,  C a l i f  . 1/14/76 - 1/11/77 0.29 0.25 0.27 9 9 

I n d i a n  S p r i n g s ,  Nev. 1/19/76 - 1/03/77 0.18 0.15 0.17 6 2 

K i r k e h y  Ranch, Nev. 1/20/76 - 1/11/77 0.22 0.20 0.22 8 1 

Koynes, Nev. 1/20/76 - 1/10/77 0.28 0.22 0.25 92 

L a s  Vegas ( A i r p o r t ) ,  Nev. 1/08/76 - 1/03/77 0.16 0.12 0.14 5 1 

L a s  Vegas ( P l a c a k )  , Nev. 1/08/76 - 1/05/77 0.16 0.14 0 -15  5 5 

L a s  Vegas (USDI) , Nev. 1/08/76 - 1/03/77 0.18 0.16 0.17 6 2 

L a t h r o p  Wells, Nev. 1/20/76 - 1/04/77 0.26 0.23 0.25 92 

Lida, Nev. 1/19/76 - 1/10/77 0.31 0.27 0.30 110 

Lone P i n e ,  C a l i f .  1/13/76 - 1/11/77 0.28 0.25 0.26 9 5 

Lund, Nev. 1/21/76 - 1/10/77 0.25 0.20 0.23 8 4 

Mammoth Mtn., C a l i f ,  1/14/76 - 1/12/77 0.36 0.23 0.31 110 

Manha t tan ,  Nev. 1/21/76 - 1/11/77 0.37 0.31 0.35 130 

Mesqui te ,  Nev. 1/19/76 - 1/10/77 0.19 0.17 0.18 66  



Table A-4, (continued) 

S t a t i o n  Measurement 
Location Per iod  

Nevada Farms, Nev. 1/20/76 - 1/10/77 

Nuclear Eng, Co., Nev. 1/20/76 - 1/05/77 

Nyala, Nev. 1/21/76 - 1/10/77 

Olancha, C a l i f .  1/13/76 - 1/11/77 

Pa hrump, Nev. 1/22/76 - 1/06/77 

P i n e  Creek Ranch, Nev, 1/21/76 - 1/10/77 

Pioche, Nev. 1/14/76 - 1/05/77 

Queen City Summit, Nev. 

Reed Ranch, Nev. 

Ridqecres t ,  Calif. 

Round Mountain, Nev. 

S c o t t y e s  Junct ion ,  Nev. 

Se lhach Ranch, Nev. 

S h e r r i ' s  Bar, Nev, 

Shoshone, C a l i f ,  

Spr ing  Meadows, Nev. 

Spr inqdale ,  Nev. 

St. George, Utah 

Sunnyside, Nev, 

Tempiute, Nev. 

Tenneco, Nev. 

Tonopah Tes t  Ranqe, Nev. 1/20/76 - 1/11/77 

Annua 1 
Adjusted 

Dose Dose 
Equivalent  Rate Equiv- 

( ~ e m / d )  a l e n t  
Max. Min, Avq. (mremly) 



Table A- 4, ( cont inued)  

Annual 
Adjusted 

Dose Dose 
Equivalent Rate Equiv- 

S t a t i o n  Measurement (mrem/d) a l e n t  
Location Period Max. Min. Avq. (mram/y) 

Tonopa h, Nev. 1/20/76 - 1/10/77 0.31 0.26 0.29 170 

Twin Springs Ranch, Nev. 1/21/76 - 1/10/77 0.32 0.27 0.30 

Warm Springs, Nev. 1/21/76 - 1/13/77 0 . 3  0.27 0.29 110 

Youngo s Ranch, Nev. 1/21/76 - 1/11/77 0.26 0.2U 0.25 9 2 



Table A-5. 1976 Summary of Analyt ical  Results  f o r  t h e  
Milk Surveillance Network 

Radioact iv i ty  Conc. 
( 10-9 p C i / m l )  

Sampling Sample No.  of Radio- C C C 
~ o c a t  ion Type( 1 ) Samples nuel ide  Max Min Avq 

Hinkley, C a l i f ,  12 4 137Cs <5 <4 <4 
B i l l  Nelson Dairy 

4 8 9Sr <3  <1 <2 

Keough Hot Spqs,, 13  4 lJ7Cs (4 ( 3  (4 
C a l i f .  
Yribarren Ranch 4 e9Sr < 3  < I  <2 

Olancha, C a l i f .  13 
J. Riley Ranch 

Alamo, Nev. < * )  14 1 137Cs 4.  0 4.0 4-0 
Alamo Dairy 

1 . 89Sr (2 ( 2  (2 

Austin, Nev. 
Young's Ranch 

Cal iente ,  N e v .  
June Cox Ranch 



Table A-5. (continued) 

Radioactivity Conc. 
( 10-9 pCi/ml) 

Sampling Sample N o ,  of Radio- C C C 
Locat i o n  T y p e (  8 ) Samples nuc l ide  Max Mi n Avq 

Currant, Nev. 13 3 ~ 3 ,  1 3 7 ~ s  < 6  <4 <5 
Blue Eagle Ranch 

4 6 9Sr <7 < I  ( 3  

Currant, Nev. 13  4 1 3 7 C s  < 4  <4 <4 
Manzonie Ranch 

4 89Sr < 3 < 1 < 2  

P i k o ,  Nev. 12 3 1 3 7 C s  (4 < 4 < 4  
schof ield. Dairy(4 

3 8gSr < 3  <2 <2 

3 9 OSr 3 -  1 1.4 2.2 

H i k o ,  Nev, 1 3  1 1 37Cs <4 <4 (4 
Darre l  Hansen 
Ranch 1 8GSr (0.8 (0. 8 (0.8 

Las Vegas, Nev. 12 4 . 137Cs <S < 4 < 4 
LDS Dairy Farm 

4 83Sr ( 2  < I  < 1 

Lathrop Wells, 13 4 137Cs 4.6 <4 <4 
Nev. 
Kirker Ranch 4 89Sr (2 (0.8 < 1 



Table A- 5, (continued) 

Radioactivity Conc. 
( 10-9 p C i / m l )  

Samplinq Sample No. of Radio- C C C 
Location Type( 1 )  Samples n u c l i d e  Max Min Avq 

Lida, Nev. 13 4 8 J?Cs <4 <4 <4 
Lida Livestock Co. 

3 < 5 )  89Sr <2 <2 (2 

Loganda l e, Nev. 12 
Vegas Valley Dairy 

Lund, Nev. 
McKenzie Dairy 

Mesquite, Nev. 12 
Hughes Bras. Dairy 

Moapa, Nev. 12 
Aqman Seventy-Five, 
Tnc. 



Table A-5. (continued) 

Radioactivity Conc.  
( 10- 9 pCi/ml) 

Sampling Sample No. of Radio- C C C 
- Locat ion Type( 1 Samples nuclide Max Min Avq 

Nyala, Nev, 13 3 137Cs (10 <4 < 6  
Sharp' s Ranch 

4 a 9Sr <3 ( 0 . 8  - (2 

Pahrump, Nev. 13 4 l37Cs < 5  <4 <4 
Rurson Ranch 

4 89Sr ( 2  < 1 <2 

Round Mountain, 
Nev. 
Berg Ranch 

Shoshone, Nev. 
Kirkehy Ranch 

Sprinqdale, Nev. 
Siedent.opf Ranch 

Cedar City, ntah 12 4 137Cs <4 <4 ( 4  
Western Gold Dairy 

4 8 9Sr (3  < 1 ( 2  



Table A-5 .  (continued) 

Radioact iv i ty  Conc. 
( 10-9 p C i / m l )  

Sampl inq Sample No,  of Radio- C C C 
- Locat ion  Type(  1 ) Samples nuc l ide  Max M i  n Avq 

st. George, Utah . 12 4 ~ 3 7 ~ s  <U <U <4 
R, Cox Dairy 

4 89% (2 (0.8 ( 2  

(1112 = Raw Milk from Grade A Producer(s) 
13 = Raw Milk from family  cow(s) 
14 = Other than Grade A Producer (Raw) 

(2)Alarno Dairy went out o f  bus iness ,  No  other sampling l o c a t i o n  
was available. 

(3)One sample was of i n s u f f i c i e n t  s i z e  for ana lys i s .  
(* ) . schof ie ld  Dairy went out  of business .  Darrel Hansen Ranch 

rep lace s  sampling l oca t ion ,  
(5)One sample went sour and could not be analyzed. 



Table A-6, A n a l y t i c a l  C r i t e r i a  f o r  Long-Term Hydrological  
Monitoring Program Samples 

YontNy  Semi- Annual Annual 
Samples Samples Samples 

Gross a lpha  All samples All samples A l l  Samples 

G r o s s  beta All samples All samples A l l  samples 

Gamma scan A l l  samples A l l  samples All samples 

3 ~ c l )  A l l  samples A l l  samples A l l  samples 

9 r 9 O S r  Jan, and J u l y  Jan. sample only-  A 
samples, Any J u l y  sample i f  1 
o t h e r  sample gross be ta  ex- t 
i f  g r o s s  beta ceeds  1x10 '~  f 
exceeds 1x p C i l m 1 .  i 
10-8 p C i / m l .  9 

9 
1 

,f 1 samples col- 
e c t e d  a t  loca- 
ions f o r  t h e  
irst t i m e  with- 
n CY76. Subse- 
v e n t  samples i f  
r o s s  beta exceeds 
x1O-8 pCi /ml -  

Any sample i f  Any sample i f  Any sample i f  
g r o s s  alpha g r o s s  a lpha g r o s s  a lpha  ex- 
exceeds 3x exceeds 3x ceeds 3x1 0-9 
1 0 - 9  p C i / m l ,  10-9 pCi/rnl-  pCi /ml .  

Jan. and July Jan, sample only Only samples co l -  
samples i n  in CY76. lected at loca- 
CY76. t i o n s  f o r  t h e  

f i rs t  t i m e  during 
CY76. 

2 3 8 , 2 3 9 ~ ~  Jan. and J u l y  Jan, sample o n l y  Only samples c o l -  
samples i n  i n  CY76 l e c t e d  a t  ioca- 
CY76, t i o n s  fo r  t h e  

f i rs t  time during 
CY76. 

< 1 ,All samples were f i r s t  analyzed by the more r a p i d  convent iona l  
technique (MDC of about  2x10-7 pCi /ml)  and then  by t h e  enrichment 
t echn ique  (MDC of about 6x1 0-9 pCi /ml )  , 



Table A-7. 1976 Summary of A n a l y t i c a l  Results f o r  the NTS Monthly 
Long-Term Hydrological Monitoring Program 

c 1 )No. No.  Radioact iv i ty  Conc. % of 
Sampling Samples Samples Radio- ( 1  0-9 p C i / m l )  Conc. 
Location Collected Analyzed nuclide - Max Min Avq Guidetz 1 

NTS 12 12 SH 
W e l l  8 2 e9Sr 

2 9oSr 
2 226Ra 

2 234U 
2 23SU 
2 2 36U 

2 2 36Pu 
2 239Pu 

NT S 10 
Well U3CN-5 

N T S  
W e 1 1  A 

NTS 
Well C 



Table A-7. {continued) 

c 1 )No. No.  Radioact iv i ty  Conc. % of 
Sampling Samples Samples Radio- (10-9 pCi/ml) Conc. 
Location C o l l e c t e d  Analyzed nuclide Max Min Avq Guide ( 2 

NTS ' 12 12  JH 
W e l l  5c 2 '9% 

2 9oSr 
9 226Ra 
2 2 3*U 
2 23SU 

2 238U 

2 23OPu 
2 239Pu 

NTS 
Well Army 

NO. 1 

Beatty, 10 
Ne v. 
Well 11S/48-1dd 

NT S 
well 2 



Table A-7, (continued) 

c 1 )No. No. Radioact iv i ty  Conc. X of 
Sampling Samples Samples Radio- (10-9 p C i / m l )  Conc. 
Location Collected Analyzed nuclide - Max Min A v q  Guide< 2) 

NT S 
W e l l  5-13 

NT S 
Well U19c 

C1)Samples could not be collected every month due to weather 
condi t ions  or inoperative pumps. 

2 )Concentration Guides for drinking water a t  on-NTS l o c a t i o n s  are the 
same a s  those for off-NTS l o c a t i o n s .  See Appendix B for Concentra- 
t i o n  Guides. 



Table A-8, 1976  Analyt ica l  Resu l t s  for the NTS Semi-Annual 
Long-Term Hydrological Monitoring Proqram 

Radioactivity % of 
Sampling Depth Sample Radio- Conc- Conc, 

. - Location Date (m) ( 1 ) TypeC2, nuclide I -  C l  Guide( ' )  
. . 

N T S  
W e l l  UEISd 

r\J T S 7 / 1 2  
W e l l  UE 1Sd 

NTS 
T e s t  We11 D 

N T S  8/05 57 1 23 
T e s t  Well D 

NTS 2/03  500 23 
Well UElc 

NTS 8/04 500 23 3H <9 < 0 . 0 1  
W e l l  U E l c  226Ra 0 .  13 0.4 



Table A- 8. (continued) 

Radioactivity % of 
!:amp1 ing  Depth Sample Radio- Conc, Conc, 
1,ocat ion Date fm] ( 1, Typecz, nuclide (10-9 p C i / m l )  Guide(3) 

T!TS 2/03 503 23 3H 260 <0.01 
"est Well B 89Sr (2 <0.07 

9oSr <2 (0.7 
226Ra 0.18 0.6 
234U 0-21 (0- 01 
235u (0-02 (0.01 
2 3 8 U  <0-02 <0.01 
2 38Pu (0. 02 (0- 01 
239Pu (01 02 <o- 01 

NTS 
T e s t  Well B 

NTS 
Well C- 1 

N T S  
W e l l  C-1 

NTS 
Well UESC 



Table A-8, [continued) 

Radioactivity % of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion - Date (rn)(11 TypeC2) nuclide ( 1 0 - 9  ~ C i / m l )  Guidec31 

NTS 
Well 5B 

WTS 
Well 5B 

NTS 
T e s t  Well F 

NTS 8/02 . 1006 23 
T e s t  Well F 



Table A-8. (cont.inued) 

Radioac t iv i ty  % of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion Date (m) < 1 )  Typecz, nuclide (10-9 u C i / m l )  Guide( 3 )  

NTS 1 / 1 U  
Watertown N o ,  3 

NTS 7/12 
Watertown N o ,  3 

A s h  Meadows, 1 /  13 
Nev. 
Crystal Pool 

Ash Meadows, 7/19 
Nev. 
Crystal Pool 

Ash Meadows, I /  13 
Nev, 
W e l l  18S/51E-7DB 

Ash Meadows, 7/19 
Nev.. 
W e l l  18S/SlE-7DB 



Table A-8, (continued) 

Radioactivity A o f  
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion Date (m) < 1 Type'2 ) n u c l i d e  ( 10-9 p C i / m l )  Guide ( 3 ) 

.Ash ~eadows ,  1/13 
Nev. 
Well 17S/50E- 14CAC 

Ash Meadows, 7/  19 
Nev. 
Well 17S/50E-14CAC 

A s h  Meadows, 1/13 
Nev, 
Fairbanks 

Springs 

~ s h  Meadows, 
Nev. 
Fairbanks 

Springs 
. . . - . -  . .  . 

Beatty,  
Nev . 
City Supply 



Table A-8. (continued) 

Radioact iv i ty  X of 
Sampl inq Depth Sample Radio- Conc. C o n c .  
Locat ion Date (m) ( 1 1 Type< 2 ) nuclide ( 10-9 pCi/ml) Guide(31 

Beat t-y, 7/15 
N e v .  
C i t y  Supply 

Beatty, 1/12 
Nev. 
Nuclear 

Fnqineerinq Co. 

Rea tty, 7/20 
Nev. 
Nuclear 

Enqineering Co. 

Indian Sprinqs, 7 /  14 
Nev . 
tlSAF No. 2 

Indian Springs, 1 / 1 2  2 3  3H 
Y e v .  * 9Sr 
IJSAF NO. 2 9 OSr 

226Ra 

23*U 
2 3su 
2 3 8 U  
23apu 
239Pu 



Table  A-8, (continued) 

R a d i o a c t i v i t y  % o f  
Sampling Depth Sample Radio- Conc. Conc, 
Locat ion 
I___ 

D a t e  (m) c 1 ) TypeC2) nuclide (10-9 pCi/rnl)  Guide<=> 

Indian s p r i n g s ,  1 /12  
Nev. 
Sewer Co. Inc .  

W e l l  N o .  1 

Indian Spr ings ,  7 / 1 4  
Nev. 
Sewer Co. Inc .  
Well N o .  1 

L a t h r o p  Wells, 1/12 
Nev. 
C i t y  Supply 

Lat.hrop Wells, 7/ 19 
Nev. 
C i t y  .Supply 

Sprinqdale,  1/14 
Nev. 
G o s s  Sprinqs 



T a b l e  A- 8, ( c o n t i n u e d )  

R a d i o a c t i v i t y  W of 
Sampl inq Depth Sample Radio- Conc. Cone. 
Locat. i on  Date  (m) ( 1 ) Type( 2 ) n u c l i d e  [ 10-9 p C i / m l )  Guide(3) 

Sprinqdale,  2/05 
Nev. 
Road D Windmill 

S p r i n g d a l e ,  7/15 
Ncv. 
Road D Windmill 

Shoshone, 1 /13 
Calif. 
Shoshone Spring 

Shoshone, 7 /  19 
Calif, 
Shoshone Spring 

c 1,  If d e p t h  not. shown, w a t e r  was c o l l e c t e d  a t  surface 

<2>23 - Well 
27 - S p r i n g  

( 3 ) C o n c e n t r a t i o n  Guides f o r  d r i n k i n g  water  a t  on-NTS Loca t ions  are t h e  
same a s  those f o r  off-NTS l o c a t i o n s .  See Appendix B f o r  Concentra-  
tion Guides. 



Table A-9. 1976 Analytical Results  for t h e  
NTS Annual mng-Term Hydrological Monitorinq Program 

Radioactivity X of 
Sampl inq Sample Radio- Conc. Conc. 
Locat ion ' Date Type(1) n u c l i d e  ( 10 -9  pCi/ml) Guide< 2 )  

Hik0 ,  
Crysta 

Nev. 7 /06  27 3 H 
.1 Springs 89Sr 

9oSr  
226Ra 
2 34U 

2 350 

2 3eu 
2 38Pu 
2 39Pu 

Alamo, Nev. 
City Supply 

Warm Springs, Nev. 7/07 27 
Twin springs Ranch 

Diablo, Nev. 7 /06  23  
Highway Maint, 
S t a t i o n  



Table A-9, (continued) 

Radioact iv i ty  X of 
Sampling Sample Radio- Conc. Conc,  
Locat ion -- Date Type( 1 ,  n u c l i d e  ( l o - Q  p C i / m l )  GuideC2) 

Nyala, Nev. 
Sharp Ranch 

Adaven, N e v .  7 /07 27 
Adaven Spr ing  

Pahrump, Nev. 7/19 2 3  
Calvada W e l l  3 

Tonopah, Nev. 7/07 23 
C i t y  Supply 



Table A- 9, (continued) 

R a d i o a c t i v i t y  % of 
Sampling Sample Radio- Conc. Conc. 
Locat ion Date T y p e <  1, n u c l i d e  (10-9 p C i / m l )  Guide( 2 ) 

Clark station, 7/09 23 3H 
Nev, fJ9Sr .  

'I'onopah Test 9oSr 
Range Well 2 34u 

h'o, 6 2 3su 
238U 

2 3*Pu 
2 39Pu 

L a s  Veqas, Nev. 7/19 23 JH 
Well No. 28 8QSr 

9oSr 
2 34u 

2 3511 
2 3 8 U  
2 SSPu 
239Pu 

(1323 - W e l l  
27 - Sprinq 

< z ) S e e  Appendix B for Concentration Guides, 



Table A--10. 1976 A n a l y t i c a l  Results f o r  t h e  O f f - N T S  
Long-Term Hydrological Monitoring Program 

Radioact iv i ty  % o f  
Samplinq Depth Sample Radio- C o n c .  ~ o n c .  
Location ' Date (m) C 1 ) Type< 2 n u c l i d e  ( 10-9 p C i / m l )  Guide< 3 1  

PROJECT GNOME 

Malaga, 5/01 1 6 1  23 JH 
N. Mex. 89Sr 
rJSGS W e l l  9oSr 

No.  1 226Ra 
23+u 

2 3517 
2 38U 

238Pu 
2 3 9 p U  

Yalaga, 5 / 0 1  148  
N. Mex, 
TTSGS W e l l  

No .  4 

Malaqa, 5 / 0 1  1UU 
N .  Mex. 
T7SGS well 
No. 8 

Malaqa, 5 /01  
N. Mex. 
PHs Well No. 6 



Table A- 10. (continued) 

Radioact iv i ty  X of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat i o n  Date (m)  ( 1 ) TypecP 1 n u c l i d e  t 10-9 pCi/ml) Guide( 3 )  

Malaga, 
N.  Mex. 
PHs Well 

4/30 

N o .  8 

Malaqa, 4/ 30 
N o  Mex. 
PHS W e l l  No. 9 

Malaga, 4/30 
N. Mex. 
PHs Well NO. 10 

Malaqa, 
N. Mex. 
C i t y  Water 



T a b l e  A- 10. ( con t inued)  

R a d i o a c t i v i t y  % of 
Sa~npl inq Depth Sample Radio- Conc. Conc. 
Locat ion Date [m) ( 1 )  Type(2 1 n u c l i d e  (10-9 p C i / m l )  Guide(3) 

Ma1 aga, 4 / 2 9  
N. Mex. 
Pecos River  

Pumpinq S ta t - ion  

Loving, 4/29 
N. Mex. 
City Well No. 2 

Carlsbad,  4/29 
N. Mex- 
C i t y  W e l l  No. 7 

Frenchman, 4 /07  
Nev. 
Frenchman 

S t a t i o n  

PROJECT SHOAL 



T a b l e  A- 10. (continued) 

R a d i o a c t i v i t y  % of 
Sampl ing  Depth Sample Radio- Conc. Conc. 
L o c a t  ion Date (m) ( 1 ) Typet2) nuclide (10-9 vCi /ml )  Guidec3) 

Frenchman, ' 4 /07  
Nev. 
Well HS- 1 

Frenchman, 4/08 
Nev . 
Well H - 3  

Frenchman, 4/07 
Nev. 
Flowing  Well 

Frenchman, 4/07 
N e v  . 
Hunts s t a t i o n  



Table A- 10, (continued) 

Radioact iv i ty  X of 
Samplinq D e p t h  Sample Radio- C o n c -  Conc, 
Locat i o n  nate { r n ) ( l )  Type(2, n u c l i d e  (10-9 MCi/ml)  Guide(3) 

PROJECT DRIBBLE 

R a x t e r v i l l e ,  1 /12  
Y i s s ,  
City Supply 4/20 

Raxtervi l  le, 1 /  14 
Miss, 
Lower L i t t l e  4 / 2 5  
Creek 

Raxterville,  1 / 1 3  
X i s s .  
Well HT-1 4 /2  1  



Table A- 10. ( c o n t i n u e d )  

~ a d i o a c t i v i t y  % of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat i on  Date (m) C 1 Typecz, n u c l i d e  410-9 pCi/ml) Guide(3) 

~ a x t e r v i l  le, 1/15 108 23 3H 
Miss, 
W e l l  HT-2c 4 /24  108 23 3H 

a s s ,  
9oSr 

2 3 + U  
235U 

2 3 8 U  
2 38Pu 

239Pu 

Baxterville, 1/15 122 23 3H 
Yiss ,  
Well HT-4 4/24 122 23 3 H 

e 9 S r  
9 o S r  

234u 
z 3su 
2 3ew 
238pU 

2 39pu 

Bax te rv i l l e ,  1/15 183  23 
Yiss .  
W e l l  HT-5 4/24 1 8 3  23  



Table A- 10, (continued) 

Radioact iv i ty  % of 
Sampling Depth Sample Radio- Conc. Conc. 
Location Date (m) ( 1 )  Type(23 n u c l i d e  (10-9 pCi/ml) G u i d e (  3) 

~axtervillh, 
Miss. 
Well E-7 

Raxterville, 
M i s s ,  
Well Ascot 
No. 2 

Baxterville, 1 / 1 1  
Miss- 
Half Moon 4 / 2  1 
Creek 



Table A- 10. (continued) 

Radioact iv i ty  X of 
Sampling Depth Sample Radio- Conc. Conc, 
1,ocat ion Date (rn) c a )  Typet2) n u c l i d e  ( 1 0 - 9  ~ C i / m l )  Guide< 3 3  

~ a x t e r v i l l k ,  1 /16  
Miss. 
Half Moon 4 / 2 3  
Creek Overflow 

Baxterv i l l e ,  4/ 19 
Miss,  
T. Speights 

Residence 

Baxterville, 7 /  76 
M i s s .  
R, L, Anderson 4 / 2 2  

Residence 



Table A- 10. (cont h u e d )  

Radioactivity % of 
Sampling D e p t h  Sample Radio- conc. Conc,  
Locat ion Date fm) < 1 Type(2 ) n u c l i d e  [ 10-9 p C i / m l )  Guide( 3 )  

~ a x t e r v i l l e ,  1/12 2 3  3 H  

M i s s ,  
Mark Lowe 4 /22  23 3H 

Residence 89Sr 
9 o S r  

234u 

23SU 

2 36 tJ 
238pU 

239Pu 

B a x t e r v i l l e ,  1/16 
M i s s ,  
R .  Ready 4/22 

Residence 

B a x t e r v i l l e ,  I /  16 
Miss- 
W ,  Daniels ,  Jr,  4 /22  

R e s i d e n c e  



Table A- 10, (continued) 

Radioactivity % of 
Sampling Depth Sample Radio- Conc, Conc. 
Locat w n  Date {m) c 1 )  Typec21 nuclide { 10-9 pCi/ml) Guide< 3 )  

Lumberton, 1/12 2 3 
Miss. 
City Supply 4/19 23 
we11 No. 2 

Purvis, 1/12 
Miss, 
City Supply 4/22 

Columbia, 1/12 
Miss, 
City  Supply 4/22 



Table A- 10. (continued) 

R a d i o a c t i v i t y  X of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat. i o n  Date fm) < 1 )  TypeC2) nuclide (10-9 p C i / m l l  Guide< 3 )  

Lumberton, 1/12 23  3H (7 <0.01 
Miss. 
North Lumberton 4/19 23 3H 16 <0.01 

C i t y  Supply 09Sr <2 (0. 07 
9oSr < I  (0.3 

2 34u (0- 05 (0. 01 
t3sn (0.03 <0,01 
238U <0,04 (0.01 
238Pu (0.02 <0.01 
239Pu (0.04 (0.01 

D a x t e r v i l l e ,  1/16 
Miss. 
Pond W of GZ 4 /23  

PROJECT GASBUGGY 

Gobernador, 5/23 
N. Mex. 
Arnold Ranch 



Table A- 10. (continued) 

Radioactivity % of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion Date (m) < 1 Type< 2 n u c l i d e  [ 10-9 pCi /ml )  Guide<J,  

Gobernador, 5 /23  2 3  3H 5.8 (0.01 
N. Mex. 89Sr (2 <0,07 
Lower Burro 9oSr <1 <O. 3 

Canyon 226Ra 0.26 0.9 
2 3 4 ~  0.16 <o. 01 
23Su < o .  02 <0.01 
238U <0.02 (0, 01 
238Pu <0.03 (0.01 
239Pu (0.04 <0.01 

Gobernador, 5/23 
N .  %ex, 
Fred Bixler 
Ranch 

B lanco, 5/23 
N. Mex. 
San Juan River 

Gobernador, 5/23 
N, Mex, 
Cave Sprinqs 



Table A- 10. (continued) 

Radioactivity % of 
Sampling Dept.h Sample Radio- Conc. Conc. 
Locat. ion Date (m)  < 1 TypeC2) n u c l i d e  (10-9 pCi/ml) Guide<=,  

Gohernador, 5/23 
N .  Mex. 
Windmill No.  2 

Gobernador, 5/23 
N. Mex. 
Bubbling  spring.^ 

Dulce, 
N .  Mex. 
City Water 

Supply 

Dulce, 5/23 
N, M ~ x -  
La Jars Lake 



Table A- 10. (continued) 

R a d i o a c t i v i t y  % o f  
Sampling Depth Sample Radio- Conc. Conc. 
Locat i o n  Date (ml( 1 )  Type(Z3 n u c l i d e  (10-9 pCi/ml) Guide(3,  

~ o b e r n a d o r  , 5/22 1097 23 3 H  
N. Mex. 89Sr 
EPNG Well 10-36 90Sr 

226Ra 
234U 

2 3su 
2 3 B U  

23epu 
239m 

Rulison,  5/19 
C 01.0 . 
L e e  L, Hayward 
Ranch 

Rulison,  5 /  39 
C 01 0. 

Glen Schwab 
Ranch 

Grand Valley, 5/19 
C o l o .  
A lber t  Gardner 

Ranch 

PROJECT RULISON 



Table  A- 10, ( cont inued)  

R a d i o a c t i v i t y  % of 
Samplinq Depth Sample Radio- Conc, Conc. 
Locat i o n  Date ( m ) < l l  Type(2) nuclide 110-9 pCi/ml) Guidecs) 

Grand valley, 5/79 
C o l 0 .  
C i t y  Water 

SUPP ly 

Grand V a l l e y ,  5/20 
C 0 1 0 ,  
S p r i n g  300 Yds, 
NW of GZ 

R u l i s o n ,  5/  19 
C o l o *  
Felix S e f c o v i c  

Ranch 

A n v i l  Points, 5/19 
Col0.  
Bernklau Ranch 



Table A-10. (cont inued)  

Radioactivity X of 
Sampling ,Depth Sample Radio- Conc, Conc. 
Locat ion Date ( r n l ( 1 ,  Type(21 n u c l i d e  110-9 r ~ C i / m l )  Guide(3, 

Grand valley, 5/20 
Colo, 
B a t t l e m e n t  Creek 

Grand Valley, 5/20 1 3 - 6  23 3 H 
Colo, e9Sr 
CER Well 9 OSr 

234U 

2 3 5 ~ 1  

2 3817 

238Pu 
2 3 9 m  

R u l i s o n ,  5/19 
Col0. 
Potter Ranch 

Blue Jay, 5/05 
Nev. 
Hiqhway Maint. 
Stat i o n  

PROJECT FAULTLESS 



Table A-10. (continued) 

Radioactivity X of - 
Sampling Depth Sample Radio- Conc, Conc. 
Locat ion  Date ( m )  ( 1 ) Type(2 ) n u c l i d e  ( 1 0 - 9  p C i / r n l )  Guide< 3 ,  

Warm ~ p r i n q s ,  5/05 
Nev. 
Hot. Creek 
Ranch 

Rlue Jay, 5/05 
Nev. 
Blue Jay Sprinq 

Blue  Jay, 
Nev, 
Sixmile W e l l  

Blue Jay, 
Nev. 
W e l l  HTH-1 



Table A- 10. (continued) 

Radioact iv i ty  % o f  
Samplinq Depth Sample Radio- Conc. Con c, 
Locat i o n  D a t e  (m) f 1 )  Type(2) nuc l ide  (10-9 p C i / m l )  Guidec3)  

Blue Jay, 5/06 184  23  3 H 
Nev, 89Sr 
W e l l  HTH-2 9oSr 

2 3 4 0  

2 3511 
238u 

23"Pu 
239Pu 

Blue Jay, 5/06 213 23 
Nev. 
Well HTH-2 5 /06  300 23 

(1JIf depth not shown, water w a s  c o l l e c t e d  a t  s u r f a c e  
(2'21 - Pond, l a k e ,  r e s e r v o i r ,  stock tank, or s t o c k  pond 

22 - Stream, r i v e r ,  or creek 
23  - Well 
27 - Spring 

( JJConcentrat ion Guides for drinkinq water at o n - s i t e  l o c a t i o n s  are 
t h e  same a s  those  f o r  off-s ite  l o c a t i o n s .  See Appendix B f o r  Con- 
c e n t r a t i o n  Guides. 

(* )Chemical  yield of sample was o n l y  40% resu l t - ing  Xn higher  
than normal MDC, 



APPENDIX B. RADIATION PROTECTION STANDARDS 
FOR EXTERNAL AND INTERNAL EXPOSURE 

Dose Limit t o  Dose L i m i t  to  
C r i t i c a l  Individuals Sui table  Sample 
i n  Uncontrolled Area of t h e  Exposed 
a t  Points of Maximum Population i n  an 

Tvw of Exposure Probable Exposure lreml Ihrcontrolled Area trem) 

Whole Body, gonads 
o r  bone marrow 

Other organs 1.5 0. 5 

ERDA CONCmRATI ON GUIDES (CG* s) < 8 B 

Sampling R a d i o -  CG 
Network or Proqram Medium nuclide t uCi/mll Basis of Exwsure 

A i r  Surveil lance Network a i r  7Be 1.1~10-0 Sui table  sample 
9 s ~ r  3.3~10-80 of theexposed 

103Ru 1.0~10-9 population i n  
rsr f  3 . 3 ~  10-8 8 uncontrolled area. 
832Te 1 .Oxlo-9 
a*oBa 3.3~10-80 

m b l e  Gas and Tri t ium 
survei l lance Network, 
on-NTS 

Noble Gas and Tritium 
Surveil lance Network, 
Off-NTS 

a i r  - K r  1.0~10-s Individual i n  
aH 5.0~10-6 control led  area. 

'saxe 1.0~10-8 

a i r  esltr 1.0~10-7 Sui table  sample 
6.7~10-6 of t h e  exposed 

la lxe  1.0~10-7 population i n  
uncantrolled area. 

Sampling Radio- CG 
Network or Procnram Medium nuclide trrCi/mll Basis of Exresure 

Long-Tekm Hydrological water I H  
Program .*Sr 

*oSr 
'3TCS 
226Ra 
23ru 
2asu 
23 
raepu 
23.p~ 

3.0~10-a I n d i v i d u a l i n a  
3.0~10-6 control led  o r  an 
3. Ox 10-7 uncontrolled area. 
2.0x10-s 
3.0~10-0 
3.0~10-s 
3. Ox 10-s 
4.0~10-5 
5. ox 10-6 
5.ox10-6 

EPA DRINKING WATER REGULATIONS FOR RADIONUCLIDES<z) 

Maximum Contaminant Levels f o r  Beta P a r t i c l e s  and Photon Radioactivity from 
Man-Made Radionuclides i n  comnunitv Water Svstems<3? 



(a) The average annual concent ra t ion  of be ta  p a r t i c l e  and photon radio-  
a c t i v i t y  from man-made rad ionucl ides  i n  drinking water s h a l l  n o t  
produce an annual dose equiva len t  t o  t h e  t o t a l  body o r  any i n t e r n a l  
organ g r e a t e r  than  4 millirem/year. 

(b) Except f o r  t h e  rad ionucl ides  l i s t e d  i n  Table B-1, t h e  concentrat ion of  
man-made rad ionucl ides  causing 4 _mem t o t a l  body or organ dose 
equiva len ts  s h a l l  be ca l cu l a t ed  on-he b a s i s  of a 2 l i t re  per  day 
dr inking  water i n t a k e  using t h e  168 hour data l i s t e d  i n  Waximum 
Permissible  Body Burdens and Maximum Permissible  Concentration of  
Radionuclides in A i r  o r  Water f o r  Occupational Exposure,n NBS 
Handbook 69 a s  amended August 1963, U.S. Department of Commerce. 
I f  two o r  more rad ionucl ides  a r e  present ,  t h e  sum of t h e i r  annual 
dose equiva len t  t o  t h e  t o t a l  body o r  t o  any organ s h a l l  n o t  exceed 
4 mil l i rem/year .  

TABLE B-1. AVERAGE ANNUAL CONCENTRATION ASSUMED TO PROMJCE A 
TOTAL BODY OR ORGAN DOSE OF 4 M R E W R  

Pci 
Radionuclide C r i t i c a l  Orsan per l i tre 

Tr i t ium 
Strontium-90 

To ta l  body 
Bone marraw 

x l ) n ~ a d i a t i o n  Pro tec t ion  Standards," ERDA Manual, Chapter 0524. 
< 2 ,Wrinking  Water Regulations Radionuclides. " T i t l e  40 Code of 

Federal  Regulations. Chapter 1, P a r t  141. Federal  Register ,  Vol. 41, 
No. 133. U.S. Government P r in t i ng  Office,  Washington, D.C. J u l y  9, 1976. 

cs)Community water system is a publ ic  water system which serves  a populat ion 
of  which 70 percent  ar g r e a t e r  a r e  res idents .  A publ ic  water system is 
a system f o r  t h e  provis ion  t o  t h e  public of piped water f o r  human con- 
sumption, i f  such System has a t  l e a s t  15 s e r v i c e  connections Or re- 
guar ly  s e rves  an average of 25 i nd iv idua l s  h i l y  a t  l e a s t  3 months o u t  
of  t h e  year. 



APPENDIX C. REPLICATE SAMPLING PROGRAM 

P u r p o s e  

The program was i n i t i a t e d  for t h e  purpose of r o u t i n e l y  a s s e s s i n g  
t h e  e r r o r s  due  t o  sampl i n g  r e p l i c a t i o n  error and a n a l  y t i c a l / c o u n t  ing 
errors a s s o c i a t e d  w i t h  t h e  c o l l e c t i o n  and a n a l y s i s  of samples  o b t a i n e d  
from t h e  s u r v e i l l a n c e  ne tworks  m a i n t a i n e d  a round  t h e  Nevada Test Site 
and o t h e r  s i tes  d e s i g n a t e d  by t h e  Nevada Operations O f f i c e ,  Enerqy R e -  
search and Development A d m i n i s t r a t i o n .  

P rocedure  

The program i n v o l v e d  t h e  c o l l e c t i o n  and a n a l y s i s  of r e p l i c a t e  Sam- 
p l e s  from t h e  A i r  S u r v e i l l a n c e  Network ( A S N ) ,  the Noble Gas and T r i t i u m  
S u r v e i l l a n c e  Network (NGETSN) , t h e  Dosimetry Network a n d  t.he Standby 
Milk S u r v e i l l a n c e  Network (SMSN) , Due t o  d i f f i c u l t i e s  a n t i c i p a t e d  i n  
o b t a i n i n g  s u f f i c i e n t  q u a n t i t i e s  o f  m i l k  f o r  d u p l i c a t e  samples  from the 
Milk S u r v e i l l a n c e  Network, d u p l i c a t e  samples  were c o l l e c t e d  d u r i n g  t h e  
a n n u a l  a c t i v a t i o n  o f  t h e  SMSN, 

A t  l e a s t  4 0  d u p l i c a t e  samples from e a c h  network were c o l l e c t e d  and 
a n a l y z e d  o v e r  the r e p o r t  p e r i o d ,  S i n c e  three thermoluminescent  (TLD) 
c a r d s  c o n s i s t i n g  of  t w o  TLD c h i p s  e a c h  a r e  used  a t  each s t a t i o n  o f  t h e  
Dosimetry Net.work, no a d d i t i o n a l  samples  were n e c e s s a r y ,  The f o l l o w i n g  
table summarizes t h e  sampl ing  i n f o r m a t i o n  for  e a c h  s u r v e i l l a n c e  net-work. 

TABLE C-1, SAMPLES AND ANALYSES FOR REPLICATE SAMPLING PROGRAM 

Total No, 
S u r v e i l -  Number o f  Samples of R e p l i c a t e  
l a n c e  Sampling C o l l e c t e d  R e p l i c a t e  Sample Sample 
Network L o c a t i o n s  P e r  Year Samples S i z e  A n a l y s i s  

ASN 12 1 8 ,300  131 2 .  Gross  f3 

NGETSN 11 572 4 0  2 8 s K r  
I I 572 12 2 3 H 
11  572 12 2 HTO 
1 1  572 8 2 HT 
1 1  572 04 2 H2O 

Dosimetry , 70 289 289 4-6 E x t e r n a l  y 



T o t a l  No. 
S u r v e i l -  Number of Samples of  R e p l i c a t e  
l a n c e  Sampling C o l l e c t e d  R e p l i c a t e  Sample Sample 
Network L o c a t i o n s  Pe r  Year Samples Si z e  An.alysis  

SMSN 185 185 96  2 + O K  
LTHMP ( s u r f  a c e )  8 16 9 1 2 238U 

LTHMP (wellhead)  62  187 2 2  2 2 ~ 8 ~  

LTHMP (deep w e l l )  18 36 11 2 z3eu 

There  were o t h e r  a n a l y s e s  f o r  air, m i l k  and wate r  samples  t h a t  
c o u l d  n o t  b e  i n c l u d e d  i n  this  e v a l u a t i o n  due t o  the f a c t  t h a t  t h e r e  
w e r e  n o t  a s u f f i c i e n t  number o f  a n a l y t i c a l  r e s u l t s  a v a i l a b l e  a t  t h e  
time of t h i s  r e p o r t .  S i n c e  t h e  sampl ing  d i s t r i b u t i o n s  of  e a c h  sample 
type appeared  t o  he loq-normal from t h e  r e v i e w  of c u m u l a t i v e  £ re -  
quency plots of t h e  r e s u l t s ,  t h e  v a r i a n c e  o f  each  set of r e p l i -  
c a t e  sample r e s u l t s  was e s t i m a t e d  from t h e  l o g a r i t h m s  of t h e  re- 
s u l t s  in each set. 

The v a r i a n c e ,  s * ,  of each  set o f  r e p l i c a t e  TLD r e s u l t s  (n=6) was 
e s t i m a t e d  from the l o g a r i t h m s  o f  the r e s u l t s  by t h e  s t a n d a r d  e x p r e s s i o n ,  

Since d u p l i c a t e  samples  were c o l l e c t e d  f a r  a l l  o t h e r  sample t y p e s ,  t h e  
v a r i a n c e s  (52)  fo r  t h e s e  t y p e s  w e r e  c a l c u l a t e d  f r o m  s z  = (0.886R) 2 ,  

where R is t h e  a b s o l u t e  d i f f e r e n c e  between t h e  l o g a r i t h m s  of t h e  d u p l i -  
c a t e  sample r e s u l t s ,  For s m a l l  sample  s i z e s ,  t h i s  e s t i m a t e  of t h e  v a r i -  
a n c e  i s  s t a t i s t i c a l l y  e f f i c i e n t ( 1 ,  and  c e r t a i n l y  more c o n v e n i e n t  i n  

. c a l c u l a t i n g  t h a n  t h e  s t a n d a r d  e x p r e s s i o n .  

The p r i n c i p l e  t h a t  t h e  v a r i a n c e s  o f  random samples  c o l l e c t e d  
from a normal p o p u l a t i o n  f o l l o w  a c h i - s q u a r e  d i s t r i b u t i o n  (x*) was t h e n  
used  t o  e s t i m a t e  t h e  c o n f i d e n c e  i n t e r v a l  of t h e  e x p e c t e d  p o p u l a t i o n  
qemetric v a r i a n c e  for each  t y p e  of sample analysis, The expressions 
used are a s  f o l l o w s : ~ z ~  

Lower Conf idence  L i m i t  (LCL) = n n 
1 (ni-1) (S2)/X2{ 0.995, 1 (ni-1) 1 

i=l i=l 

Upper Con£ idenc,e  Limi t  ( U C L )  = 1 (ni-1) (S2 ) /x2{ 0.005, (ni-1) 1 
i=l i=l 



LCL S a t <  UCL 

where , ~ 2  = the t r u e  va lue  of t h e  popula t ion  geometr ic  var iance.  

ni-1 = t h e  degrees  of freedom f o r  n samples c o l l e c t e d  f o r  
the i t h  r e p l i c a t e  sample- 

s* = t h e  expected qeometr ic  va r i ance  of t h e  i t h  r e p l i c a t e  
sample. 

52 = t h e  best e s t i m a t e  of sample geometric v a r i a n c e  de r ived  
from t h e  v a r i a n c e  e s t i m a t e s  of a l l  r e p l i c a t e  samples 
( t h e  expected v a l u e  of 52 is  ~ 2 )  - 

The 99% upper conf idence l i m i t  f o r  t h e  t o t a l  error (sampling + ana- 
l y t i c a l / c o u n t i n g  ~ r r o r s )  of t h e  geometr ic  mean of any group of samples 
collected from a qiven network was t h e n  determined as t h e  geometr ic  
mean +2.57,5, 

The fo l lowinq  t a b l e  summarizes t h e  a n t i l o g a r i t h m  of the r s s u l t s  f o r  
the 99% confidence l i m i t s  on t h e  expected geometr ic  standard d e v i a t i o n  
of the  total error, compares t h e  confidence l i m i t s  of t h e  t o t a l  e r r o r  
w i th  t h e  ranqes  i n  geometric s t a n d a r d  d e v i a t i o n s  observed from t h e  d a t a  
o f  each  network, and lists t h e  9996 upper conf idence l i m i t  (UCL) expected 
from t h e  samplinq/analytical/counting e r r o r s  f o r  t h e  qeometr ic  mean of 
any Network samples. 

TABLE C-2- UPPER CONFIDENCE LIMITS OF SAMPLING AND ANALYTICAL/ 
COUNTING ERRORS 

From Evaluat ion Observed 
of R e p l i c a t e  Samples - G e o m e t r i c  

No, of  99% Confidence Limits  S t d  Dev 99% UCL 
Surve i l -  Repli-  For Expected Geometric From N e t -  of 
l a n c e  cate Standard  Devia t ion  -., work Data T o t a l  
Network Analys i s  Samples LCLo .,os s UCLo . o o s  Min Max Er ro r  

A S N  Gross j9 131 1-83 2 - 0 3  2-33 1 . 3  5.8 6.2 

NGGTSN 8s K r  40 1 - 2 0  1-26 1-38 1.2 1.2 1.8 
3 H  12  1.41 1.69 1-81 1.4 5.1 3- 8 
HTO 12 1.52 1-90 3-56 7-8 5.2 5- 2 
H T  8 1 - 2 0  1.34 1.98 1.7 2.6 2- 2 

Dosimetry y (TLD) 289 1,050 1,053 1,056 1-7 1 .3 (3)  1.1 



From E v a l u a t i o n  Observed 

S u r v e i l -  

o f  Replicate Samples G e o m e t r i c  
No. of 9 9 X C o n f i d e n c e L i m i t s  ' S t d  Dev 9918UCL 

Repl i -  For Expected G e o m e t r i c  F r o m  N e t -  of 
l a n c e  cate s t a n d a r d  D e v i a t i o n  work Data Tot.al  .. 
Network A n a l y s i s  Samples LCLo. ,,S s UCLo. ,,, Min Max E r r o r  

S M S N  OK 96 1-08 7 - 0 9  1.11 1-0 1.2 1 . 3  

LTHMP 
( S u r f a c e )  23 eU 11 1.77 2-04 6.25 - 9.9 
(Wellhead) 2 J e U  2 2  1 -46  1.69 2.32 1.1 7.4 3.9 
(Deep Well) 23WJ 11 1-72  2-34 5.74 - 8.9 

From a  comparison o f  the o b s e r v e d  g e o m e t r i c  s t a n d a r d  d e v i a t i o n  w i t h  
t h e  expec ted  g e o m e t r i c  s t a n d a r d  deviation from sampling and a n a l y t i c a l /  
c o u n t i n q  e r r o r s ,  one can see t h a t  t h e  o b s e r v e d  v a r i a t i o n s  i n  s u r v e i l -  
l a n c e  d a t a  exceed the v a r i a n c e  a t t r i b u t a b l e  t o  t h e  sampl ing  and ana- 
l y t i c a l / c o u n t i n q  e r r o r s  e x c e p t  f o r  t h e  8sKr d a t a  and  the env i ronmen ta l  
r a d i a t i o n  TLD measurements. Apparen t ly ,  t h e  m a j o r i t y  of v a r i a t i o n s  i n  
85Kr c o n c e n t r a t i o n s  a r e  t h e  result of t h e  s a m p l i n g  and a n a l y t i c a l /  
c o u n t i n g  e r r o r s .  As t h e r e  a r e  n o t  s u f f i c i e n t  TLD d a t a  p e r  s t a t i o n  and 
y e a r ,  the a c t u a l  v a r i a t i o n  i n  TLD e x p o s u r e s  under e n v i r o n m e n t a l  cond i -  
t i o n s  c o u l d  n o t  he determined. However, t h e  v a r i a t i o n  i n  TLD d a t a  f o r  
t h e  Hanford e n v i r o n s  can  be used  a s  a reasonable s u b s t i t u t e .  

( 1 )Snedecor ,  G. W. a n d  W. G. Cochran. S t a t i s t i c a l  Methods. The Iowa 
State I J n i v e r s i t y  Press, Ames, Iowa. 6th ed. 1967. pp 39-47. 

(z)Freud, J. E. Mathemat i ca l  S t a t i s t i c s .  P r s n t i c e  H a l l ,  N. J. 
Engelwood, 1962. pp  189-197, 235- 

( J I N o t  based on EMSL-LV d a t a .  Fix, J, J. and  P, J. Blumer. "Thermo- 
l u m i n e s c e n t  Dosimeter  (CaF,Dy) Measurement o f  Hanf o r d  Env i rons ,  
1971-1975. " BNWL-2140, IJC-41. B a t t e l l e  Northwest L a b o r a t o r i e s .  
Richland, Washington. Jan. 1977. pp A-2 t o  A-7. 



APPENDIX D. AIRBORNE RADIOACTIVITY FROM ATMOSPHERIC NUCLEAR TESTS 
BY PEOPLE'S REPUBLIC OF CRINA 

A i r b o r n e  r a d i o a c t i v i t y  from t h e  f i r s t  a t m o s p h e r i c  test by t-he 
P e o p l e ' s  Repub l i c  o f  China on September 2 5  a t  2200 hours ,  PDT, was 
d e t e c t e d  th roughou t  t h e  Network b e g i n n i n g  w i t h  samples  c o l l e c t e d  o v e r  
a 3-day p e r i o d  (weekend) t h a t  ended October 4, The a i r b o r n e  concen- 
t r a t i o n  of q r o s s  b e t a  r a d i o a c t i v i t y  e s t i m a t e d  from t h e  a n a l y s i s  of 
f i l ters c o l l e c t e d  a t  t h o s e  s t a t i o n s  o p e r a t e d  t h r o u q h o u t  Oc tober  was 
observed t o  r e a c h  i ts  peak d u r i n g  t h e  p e r i o d  Oct-ober 15-25 and t o  
g e n e r a l l y  d e c r e a s e  t h r o u g h o u t  t h e  remainder  of t h e  y e a r ,  e x c e p t  f o r  
a  s l i g h t  i n c r e a s e  i n  November k r o m  t h e  second  Chinese  test. T y p i c a l  
t i m e  series p l o t s  of the g r o s s  b e t a  c o n c e n t r a t i o n s  i n  a i r  a re  shown 
i n  F i g u r e s  D-1 and D-2 f o r  Duckwater, Nevada, and Lone P ine ,  C a l i f o r n i a ,  
where t h e  maximum i n d i v i d u a l  c o n c e n t r a t i o n  o f  g r o s s  b e t a  r a d i o a c t i v i t y  
(6 .2~10-12  pCi /mf  i n  a  sample c o l l e c t e d  October  13-15) and t h e  maxi- 

mum q u a r t e r l y  average  c o n c e n t r a t i o n  o f  gross b e t a  r a d i o a c t i v i t y  
(48 .0~10-13 p C i / m l )  o c c u r r e d ,  r e s p e c t i v e l y .  The i n c r e a s e  i n  g r o s s  
b e t a  r a d i o a c t i v i t y  c o n c e n t r a t i o n s  from t-he second Chinese  t.est (November 
16 a t  2200 hours ,  PST) shown by the s m a l l  peaks  shown on November 2 4  
f o r  t h e s e  t w o  s t a t i o n s  and d u r i n g  t h e  week o f  November 21 f o r  33 of t h e  
o t h e r  a c t i v e  s t a t i o n s .  The highest c o n c e n t r a t i o n  measured f o l l o w i n g  t h e  
second test w a s  2 . 1 ~ 1 0 - 1 2  pCi /ml  f o r  a  sample c o l l e c t e d  a t  B o i s e ,  Idaho, 
d u r i n g  t h e  p e r i o d  November 22-23, 

The f i s s i o n  p r o d u c t s  9 s Z r ,  103Ru, lQIRu,  1 *Ice ,  **Ce, 1 3  11, 132Te, 

I*OBa, and  n a t u r a l l y  o c c u r r i n g  'Be were d e t e c t e d  i n  v a r i o u s  combinat ions  
o n  many o f  t h e  p a r t i c u l a t e  f i l ters  c o l l e c t e d  d u r i n g  t h e  4 t h  c a l e n d a r  
q u a r t e r  and ana lyzed  by gamma spec t romet ry .  Due t o  gamma peak i n t e r f e r -  
e n c e s  and t h e  l a r q e  number of f i l t e r s  t o  be ana lyzed ,  t h e  c o n c e n t r a t i o n s  
f o r  t h e  r a d i o n u c l i d e s  lo*Ru, '*ace, and  1 4 4 C e  c o u l d  n o t  be q u a n t i t a t e d .  
The  f r e s h  f i s s i o n  p r o d u c t s  1311, P32Te8 and 1eoBa were d e t e c t e d  on a i r  
f i l t e r s  c o l l e c t e d  o n l y  d u r i n g  t h e  month o f  October ,  whereas t h e  lonqer- 
l i v e d  f i s s i o n  p r o d u c t s  9sZr. 103Ku, 106Ruf 1 4 1 C e ,  and I**Ce w e r e  de- 
t e c t e d  th roughou t  t h e  4 t h  q u a r t e r -  N o  r a d i o n u c l i d e s  w e r e  d e t e c t e d  on 
any of t h e  c h a r c o a l  c a r t r i d q e s ,  The f o l l o w i n g  t a b l e  shows the loca -  
t i o n s  where t h e  samples  having t h e  maximum c o n c e n t r a t i o n  of  each  rad io -  
n u c l i d e  w e r e  c o l l e c t e d .  



TABLE D- 1. LOCATIOHS O F  MAXIMIJM RADIONUCLIDE 
CONCENTRATIONS I N  AIR 

Half  - 
Radio- Life C o l l e c t  i o n  Max, Conc. . 

L o c a t i o n  n u c l i d e  (days )  Period (10-12 pCi/ml) %CG 

Rars tow,  C a l i f .  7Be 53 10/13-10/15 0.84 <0.01 
Bars tow,  C a l i f .  9sZr 65  l0/22- 10/25 3. 9 1 
B a r s t o w ,  C a l i f .  103Ru 40 10/22- 10/25 2. 6 0.3 
Nyala ,  Nev. 1311 8.0 10/28-10/30 1.0 3 
L ida ,  Nev. l3zTe 3.3 10/04-10/06 0.17 0.02 
Bars tow,  C a l i f .  1*oBa 13 10/22- 10/25 4.6 1 

Al thouqh  t h e  CG1 s o f  t h e  ERDA, as s p e c i f i e d  i n  t h e  ERDA Manual, C h a p t e r  
0 5 2 4  (Appendix B ) ,  a re  n o t  a p p l i c a b l e  t o  f o r e i g n  n u c l e a r  tests, t h e  per- 
c e n t a g e s  of t h e  r e l e v a n t  CG's  are shown as  a means of i n t e r p r e t i n g  the 
p o t e n t i a l  r a d i o l o q i c a l  h a z a r d  from t h e  o b s e r v e d  c o n c e n t r a t i o n s  of r a d i o -  
a c t i v i t y .  E x c e p t  f o r  1312, t h e s e  C G ' s  a r e  t h e  same a s  1/10 o f  the maxi- 
mum p e r m i s s i b l e  c o n c e n t r a t i o n s  i n  a i r  recommended by t h e  N a t i o n a l  Com- 
mittee o f  R a d i a t i o n  P r o t e c t i o n  (NCRP) for c o n t i n u o u s  o c c u p a t i o n a l  ex- 
p o s u r e s .  The CG f o r  1311 is 1/30 o f  t h e  NCRP v a l u e .  

From t h e  gamma s p e c t r o m e t r y  r e s u l t s  of a l l  s a m p l e s ,  t h e  hiqhest 
total t h y r o i d  i n h a l a t i o n  d o s e  from radioiodines was calculated from 
t h e  s amples  c o l l e c t e d  a t  Nyala,  Nevada, over t h e  p e r i o d  October 2-30. 
T h e  d o s e s  e s t i m a t e d  f o r  t h a t  l o c a t i o n  were 0.15 m r e m  f o r  a h y p o t h e t i c a l  
infant r e c e p t o r  and 0.081 mrem f o r  a h y p o t h e t i c a l  a d u l t  r e c e p t o r .  



Figure D-1. Gross Beta Radioactivity Concentrations in Air at 
Duckwater, Nevada 

Figure D-2. Gross Beta Radioactivity Concentrations in Air at 
Lone Pine, ~alifornia 
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Table D-2. 1976 Summary of  A n a l y t i c a l  R e s u l t s  for 
A i r  S u r v e i l l a n c e  Network 

A c t i v e  S t a t i o n s  

N o ,  Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration <lO-'+pCi/rnl) 
Locat ion Sampled activity Ma x M i  n A v q  - -- 

Kinqman, Ariz.  'Be 
9szr 
lo3Ru 
1311 

132Te 

1  4oBa 

Seligman, Ariz-  'Be 
*"Zr 
lo3Ru 
1 3 1 1  

t32Te 
1*oBa 

Baker,  C a l i f .  

B a r s t o w ,  Calif. 

Bishop, C a l i f .  

Death Valley  Jct- , 
Calif. 



Table D-2. ( c o n t i n u e d )  

No. Type of Radioactivity 
S a m p l i n g  D a y s  R a d i o -  C o n c e n t r a t i o n  < l o - 9 p C i / m l '  
Location Sampled a c t i v i t y  Max M i  n Avq 

F u r n a c e  creek, Calif . 3 . 0  'Be 0 - 3 5  0 . 3 5  0 . 0 0 3 1  
4 6 . 0  9sZr 0 . 7 1  0 . 0 1 7  0 . 0 1 7  
1 0 . 0  lo3Ru 0 . 3 3  0 . 0 5 8  0 . 0 0 4 5  

9 . 9  l J x X  0 . 1 8  0 . 0 3 5  0 . 0 0 3 4  
- 0  132Te - - - 

27.0 l*OBa 1.6 0  .'04 9 0 , 0 2 2  

Lone Pine, Calif. 

Needles, C a l i f ,  

Ridgecrest,  C a l i f .  

S h o s h o n e ,  C a l i f .  

Alamo, Nev. 



T a b l e  D-2. ( c o n t i n u e d )  

No . Type of Radioact iv i ty  
Sampling Days Radio- C o n c e n t r a t i o n  c l O - 9 ~ i / m l ~  
Locat ion  Sampled activity Max Mi n Avq 

A u s t i n ,  Nev. ' 

R e a t t y ,  Nev, 

Blue Eagle Ranch, N e v .  9 . 9  'Be 0.27 0. 16 0.0062 
35-8 9sZr 0.49 0.016 0,013 
3.0 103Ru 0.14 0.14 0.0012 
7.0 1311 0.20 0. 13 0- 0033 
- 0  132Te - - - 

22.9 l*OBa 0.48 0.032 0.012 

Blue Jay ,  Nev. 

Ca 1 i e n t e ,  Nev. 

Currant Ranch, N e v .  



Table  D-2. ( cont inued)  

No.  Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentra t ion  c lO-9pCi/ml) 
Locat i o n  - Sampled a c t i v i t y  Max Min A v q  

D iab lo ,  Nev. ' 

Duckwater, Nev. 

E l y ,  N e v .  

Eureka, Nev, 

F a l l i n i g s  Ranch, Nev. 1 1 . 1  
49.5 

5.  1 
13.2 

2 -  0 
28.3 

Geyser Ranch, Nev. 9 .0  
39.0 

9 .0  
11.0 . 0 
26 .0  



Table D-2. (continued) 

No. Type of Radioactivity 
Sa rnpl i n q  Days Radio- Concent-ration ( 1 0-9 p C i / m l )  
Locat ion  Sampled activity Max Min Avq 

Goldfield, ~ e v .  

G r o o m  Lake, Nev.< 1 )  

Hiko, Nev. 

Indian Springs, Nev. 

Las Vegas, Nev. 

Lathrop Wells, Nev. 



Table D- 2. (continued) 

No. Type of 
Sampling Days Radio- 
Location Sampled a c t i v i t y  

Lida, N e v .  

Lund, N e v .  

Mesquite, N e v ,  

Moapa, Nev. 

Nyala, Nev, 

Pahrump, N e v .  

Radioactivity 
Concent.ration < 10-9pCi/ml) 

Max Min A v q  



T a b l e  D-2. (continued) 

No . Type o f  R a d i o a c t i v i t y  
S a m p l i n q  Days Radio- Concentration < 10-9pCi/ml) 
Location Sampled activity Max M i  n Avq 

Pioche,  Nev. 7.0 7 B e  0.36 0.24 0.0057 
30.9 9sZr 0.22 0.017 0 ,0052 

5.0 lo3Ru 0.17 0.042 0.0017 
7.0 1311 0.076 0.028 0.00092 

. O  l 3 2 T e  - - - 
19.0 14oBa 0.22 0.032 0.0057 

Round Mountain, Nev. 7.0 7Be 0.49 0.33 0 ,0072 
38.0 9sZr 0.64 0.021 0.022 

7.0 l o s R u  0.23 0.028 0.0524 
15.0 1311 0.23 0.029 0.0045 . 0 1 32Te - - - 
29.0 14OBa 0.49 0.044 0.018 

Scottyq s Junction,  Nev. 9.0 7Be 0.57 0.25 0.0097 
38.0 9 s Z r  1.2 0.019 0. 024 

3.0 lo3Ru 0.17 0.11 0.00096 
9.0 1311 0.48 0.025 0.0039 

- 0  l 3 2 T e  - - - 
26.0 l4oBa 0.97 0,034 0.023 

Stone Cabin Ranch, Nev. 6.0 7Be 0.36 0.19 0,0047 
43.8 9sZr 0.77 0.013 0 -021  
9.9 103Ru 0.30 0.16 0,*0064 

10.9 1311 0.56 0.069 0. 0066 
. O  132Te - - - 

28.9 14oBa 0.94 0.020 0 ,022 

Sunnyside,  Nev. 

Tonopah, Nev. 



Table D- 2. (continued) 

No.  Type o f  R a d i o a c t i v i t y  
Samplinq Days Radio- Concentration c lO-9pCi/ml) 
Location Sampled activity Max Min A v q  

Tonopah Test'Ranqe, Nev. 5.9 7 B e  0-20 0.19 0.0040 
29.3 9sZr 0.71 0.023 0. 025 
6.7 ZoJRu 0.27 0.043 0. 0039 
7.0 1311 0.23 0.13 0.0049 

. O  132Te - - - 
18.9 1*OBa 0.71 0.060 0. 027 

Cedar City, Utah 

Delta, Ut.ah 

Garrison, Utah 

Milford, Utah 

St,. George, Utah 

A l s o  known as Area 51. 



Table D-3, 1976 Summary o f  A n a l y t i c a l  Results for 
A i r  Surveillance Network 

Standby Stations 

N o .  Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration (10-pCi/ml) 
Location Sampled a c t i v i t y  Max Min Avq 

Phoenix, Ariz-  

Winslow, Ariz .  

Little Rock, Ark. 

Ind io ,  C a l i f .  

Denver, Colo. 

Durango, Colo. 



Table D-3. ( cont inued)  

No. Type o f  R a d i o a c t i v i t y  
Sampling Days Radio- Concentration (10-9pCi/ml) 
Location Sampled a c t i v i t y  Max Min Avq 

Grand  unction, 
Colo. 

Pueblo, Colo. 

B o i s e ,  Idaho 

Idaho Falls, 
Idaho 

Mountain H o m e ,  
Tdaho 

P o c a t e l l o ,  Tdaho 



Table D- 3. (continued) 

No. Type of Radioactivity 
Sampling Days Radio- Concentration <10'9pCi/ml> 
Locat ion Sampled activity Max Min Avq 

Preston, 1daho 

Twin Fal l s ,  Idaho 

Iowa City ,  Iowa 

Sioux City, Iowa 

Dodge City ,  Kans. 

Lake Charles,  La. 



Table  D-3,  (continued) 

No.  Type o f  Radioactivity 
Sampling D a y s  Radio- Concentration <10-9pCi/ml) 
Location Sampled a c t i v i t y  Max Min A v q  

Monroe, La, 

N e w  Orleans, La. 

Minneapolis,  Minn. 

Clayton, Mo. 

J o p l i n ,  M o .  

st, Joseph, Mo, 



Table D- 3. (continued) 

No. Type o f  R a d i o a c t i v i t y  
Sampling Days Radio- Concentration ( lO-9pCi/ml) 
Location Sampled activity Max Min ~ v q  

B i l l i n g s ,  ~ o n t .  

Bozeman, Mont. 

Missoula, Mont. 

North Platte, 
Nebr. 

Battle Mountain, 
N e v .  

Currant Maint. 
S t a . ,  Nev, 



Table D-3.  (cont inued)  

No . Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration ( 10'9pCi/rnl~ 
Lo ca t ion  - Sampled a c t i v i t y  Max Min A v q  

Currie, Nev, 

E l k o ,  Nev. 

F a l l o n ,  Nev. 

Frenchman S t a . ,  
Nev. 

Love lock, Nev, 

Reno, Nev. 



Table D- 3. (continued) 

No. Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration < lo -9pCi /ml )  
Location Sampled a c t i v i t y  Max Min Avq 

Warm s p r i n g s ,  Nev. .O ?Be - - - 
10.1 9 ~ ~ r  0.32 0.026 0.023 

0 lO3Ru - - - 
4.0 13'1 0.10 0.086 0. 0073 . 0 132Te - - - 
4.0 14oBa , 0-22  0. 19 0,017 

W e l l s ,  Nev. 

Winnemucca, Nev. 

A 1  buquerque ,  
N. Mex, 

Carlsbad, N- Mex. 

Muskogee, Okla.  



Table D-3. (continued) 

No, Type of Radioact iv i ty  
Sampling D a y s  Radio- C o n c e n t r a t i o n  cl0-9pCi/ml~ 
L o c a t i o n  Sampled activity Max Min A vq 

Norman, ~ k l a ,  

Burns, O r e q .  

Medf ord, O r e g ,  

Aberdeen, S, Dak. 

R a p i d  City, S ,  Dak. 

A b i l e n e ,  T e x .  

. O  'Be 
1 1 . 1  95zr 
2.0 8 03Ru 
2.0 1311 

. O  1JzTe 
8.9 l*OBa 



Table D-3,  (continued) 

No, Type of Radioact iv i ty  
Samplinq Days Radio- Concentration ~lO-9pCi/ml~ 
Location Sampled activity Ma x Min Avq 

Amarillo,  ex- 

Aust in ,  T e x ,  

Fort Worth, Tex, 

Bryce Canyon, Utah 

Capi to l  Reef, Utah 

Dugway, Utah 



Table D-3, (cont inued)  

No . Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration ( lO-9pCi/mlJ 
Location Sampled a c t i v i t y  Max Min Avq 

Enterprise ,  ' Utah 2 . 0  ?Be 0 .25  0 . 2 5  0 . 0 1 5  
14.9  95Zr 0.17 0 . 0 2 3  0 , 0 2 4  

, O  103Ru - - - 
3 .0  1311 0 , 0 2 5  0 , 0 2 5  0 . 0 0 2 2  

. O  l32Te - - - 
10 .9  1*oBa 0.16 0 .024  0 . 0 2 8  

Mont.icel10, Utah 

Parowan, Utah 

Provo, Utah 

Salt Lake City, 
Utah 



Table D-3,  ( cont inued)  

No. Type of Radioactivity 
Samplinq Days Radio- Cohcentration ( 10-gpCi/ml) 
Locat ion Sampled a c t i v i t y  Max Min Avq 

Vernal, utah 

Wendover, Utah 

s e a t . t . l e ,  wash. 

Spokane, Wash, 

Casper, Wyo. 

Rock Springs, Wyo. 



Table D- 3. (continued) 

No . Type of Rad ioac t iv i ty  
Sampling Days Radio- Concentration (10-gpCi/ml) 
Locat ion Sampled activity Max Min A v q  

Worland, wyo, 



prem 
pC i /q 
p C i  / m l  
AEC 
A S N  
C 
CG 
C i  
c m  
CP- 1 
CY 
Do E, 
EMSL-LV 

EP A 
ERDA 
ERDA/NV 

ft 
kg 
kt. 
LCL 
LLL 
LTH MF' 
m 
MDC 
mremly 
mrem/d 
mR 
mR/h 
MSL 
M S M  
nC i 
NGGTSN 
NTS 
PHs 
pci 
SMSN 
TLD 
TTC L 
TTSGS 
WSN 
3 H  
HT 

APPENDIX E. LIST OF ABBREVIATIONS AND SYMBOLS 

Micro-roentgen-equivalent-man,  
M i c r o c u r i e  per gram- 
Mic rocur ie  p e r  m i l l i l i t r e .  
Atomic Energy Commission. 
Air S u r v e i l l a n c e  Network- 
Temperature i n  Celsius. 
C o n c e n t r a t i o n  Guide- 
C u r i e  . 
Cent ime t re ,  
C o n t r o l  P o i n t  One. 
Calendar  Y e a r .  
Dose Equ i v a  l e n t ,  
Envi ronmenta l  Moni tor ing  and S u p p o r t  Labora tory-  
Las Veqas. 
Environmenta l  P r o t e c t i o n  Agency. 
Enerqy Research and Development A d m i n i s t r a t i o n -  
Enerqy Research and Development A d m i n i s t r a t i o n /  
Nevada O p e r a t i o n s  O f f i c e -  
Feet- 
Kilosram- 
Ki lo ton ,  
Lower c o n f i d e n c e  l i m i t ,  
Lawrence Livermore  Labura to ry -  
Lonq-Term H y d r o l o g i c a l  Moni to r ing  Program 
Metre. 
Minimum d e t e c t a b l e  c o n c e n t r a t i o n .  
M i l  li -roentgen-equivalent-man p e r  y e a r  - 
Milli-roentgen-equivalent-man per day. 
Mi l l i - roen tgen .  
M i l l i - r o e n t g e n  p e r  hour-  
Mean sea level. 
Milk S u r v e i l l a n c e  Network. 
Nanocurie.  
Noble Gas and T r i t i u m  S u r v e i l l a n c e  Network. 
Nevada Test Site, 
P u b l i c  H e a l t h  S e r v i c e .  
P i c o c u r i e .  
Standby Milk S u r v e i l l a n c e  Network- 
Thermoluminescent dos imeter .  
Upper confidence l i m i t -  
United S t a t e s  G e o l o g i c a l  S o c i e t y -  
Water S u r v e i l l a n c e  Network. 
T r i  t ium or Hydrogen- 3. 
T r i t i a t e d  Hydrogen. 



HTO 
CH3T 
Ba 
Be 
Cs 

T r i t i a t e d  Water, 
T r i t i a t e d  Methane. 
Barium. 
Berylium, 
Cesium. 
Iod ine .  
P o t  a s s  ium. 
Krypton. 
Plutonium. 
Radium. 
Rut-henium, 
Strontium. 
Tel lurium. 
Tlranium. 
Xenon . 
Zirconium* 
Chi-square. 
Geometric standard d e v i a t i o n .  
Populat ion geometr ic  variance .  
Best e s t i m a t e  of sample geometr ic  var iance .  
Best e s t i m a t e  o f  sample geometr ic  s tandard 
d e v i a t i o n .  
Expected qeometr ic  variance of r e p l i c a t e  sample. 
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